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PKEFAOE. 



This little work lias been prepared more espe- 
cially for the use of a class of chemical students 
who devote a semester to the analysis of vege- 
table products and other organic mixtures, taking 
previously at least two semestei-s in qualitative 
and quantitative analysis. Aftci- working with 
this class for several years, without other aid than 
a manuscript digest of directions and references, 
the author is convinced that a compilation in this 
subject is desirable — not alone for students in 
special applications of chemistry, but for the con- 
venience of every general analyst. 

Proximate organic analysis is not altogether 
impracticable, and organic chemistry is not solely 
a science of synthetical operations even at pre- 
sent. It is true, as the chief analytical chemists 
have repeatedly pointed out, that in the rapid 
accumulation of organic compounds tlio moans 

of their identification and separation have been 

s 



left ill comparative noglcct. It is true, also, that 
tlie field is limitless ; but this is not a reason for 
doing nothing in it. !Pifty years ago, the work- 
ers in inorganic analysis were tinprovided with a 
comprehensive system, huib tliey went on explor- 
ing the mineral kingdom and nsing their scanty 
means to gain valuable results. 

That this compilation is a fragmentary and 
very brief exponent of this part of analytical 
science as it exists at present, the author is fully 
aware, but he hopes that, as a beginning, it may 
prove to be worth enough to afford an opportu- 
nity for its improvement hereafter. 

' Michigan, Sept«nibei', 1874. 
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OUTLINES 

PROXIMATE Organic analysis. 

PKELIMINARY EXAMINATIONS 

1. CABBOIf (uncombined) is i-ecognized by s le jro 
perties (as charcoal, graphite, or diamond), by not apor z ng 
when hctted and by lesisting ordmaiy solvents — eutral all a 
line or acid — except that ffi'iphite la oxidized ly d gest o h 
chlorates and sulphuric oi hydiochlDiic acil o th b chro 
mates and <!ulphuric acid or with "nixed nitiic and sulphuric 
aLi Is — \lso ( n Ignition in the air oi m a loso tube is ith oxide 
(f xjpper, i,aibonic anhjdiide IS It nel fitii tiibon alone, as 
well as from its compounds. 

2. THE CXJmPOTTBTDS OP CABJBOH— except the alka- 
line cai'bonates — yield carbonic anhydride when ignited in the air 
or in a tube with supply of oxygen {as with dry oxide of copper). 
The non-volatile " Organio " Compounds of Giirhon leave a resi- 
due of carbon after partial combustion — i.e,., they carbonize by 

3. Preliminary examinatiou OF SOLIDS to determine 
whether inorganic or organic, or both. 

a. Heat gradually, to prolonged ignition, in a glass tube open 
at both ends, or on platiauKi foil. 

(1) The substance is permanent; Inorganic. 

(2) Carbonizes and burns away, leaving no residue : Organic. 

h<Ktoi..,Goo^lf 



12 I'REI.IMIXARY liXAillNATIONS. 

(3) Carbonizes and leaves a fixed residue : Organic and Inor- 
ganic. See e. 

(4) There is doubt as to carbonization : test according to 6. 

(5) The substance vaporizes — wholly or partly : test accord- 
ing to b. Also consider an:imonium salts, the volatile elements, 
and the inorganic volatile acids, oxides, sulphides, etc. Examine 
according to 4, b. 

h. Mix the (dry) substance (free from carbonates yielding 
CO, on ignition) with dry oxide of copper ; introduce into a 
sliort combustion-tube or a hard-glass test-tube ; connect, by a 
cork and bent narrow tube, with a solution of lime or baryta, or 
basic acetate of lead, and ignite. If a precipitate is formed, test 
it as a carbonate. 

c. Ignite a portion in a porcelain capsule, until free from car- 
bon — cooling and adding a drop or two of concentrated nitric 
acid from time to time, if necessary to facilitate the combustion. 
Submit the residue to inorganic analysis. Examine another por- 
tion for organic bodies — applying the solvents, as in 134 (9) 
or (7). For an index of some of the most common organic 
solids, si-e 5, a. 

4. Preliminary esamioation of LIQXTIDS, to determine 
whether partly or wholly organic or not, and to aeparato 
dissolved solids. 

a. Evaporate a portion, on a slip of glass, at a very gentle 
beat. If, after cooling, a solid residue is obtained, test it accord- 
ing to 3. If there is an insufficient residue, obtain for this 
examination a larger quantity by distillation, as directed in b. 

h. Distil from a small retort or connected flask, admitting a 
thermometer, using a very gradually-increasing heat, and chang- 
ing the receiver as often as the boiling point is seen to rise. 
Cool the residue and distillates. Test the solid portions accord- 
ing to 3 ; the liquid portions, also, according to 3, « or h — then 
referring as indicated in the next paragraph. For index of 
Organic Liquids, see 5, b. 
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NON-VOLATILE. 
Aeids : 'Aeonitie — 0. 

Bobeic— 31. 
"■ Cflffetsjmic — 20, 

Catechilic— 18. 

Cateohutaniiic — 17. 
.Carminic— 26. 
.{Cliry sophanio) — 37. 
KJitrIc-8. 

Colurabio— 34. 

D^talic— 13. 
•(GaJIie)— li 

Qainbogic — 38. 

Gentianio — 25. 
Jtfalie-IO. 
sMeconic— II. 

Moriatajuiic— 19. 
■(PyrogalUc)— 15. 

Quinic— 23. 

Quinotannic — 16, 



.Racemic — 7. 
Taunic-lS. 
g^artaiic— 6. 
SajitaUo~29. 
Fatty Acids : 

Cerotic— Si. 
Bruoic (melts at 
Laurie — 50. 
Myristic — 51. 
Palmitic-Sa. 



Fixed salts of volatile acids. 



NON-VOLATILE. 
Aoid : Lactic— 38. 
Fatty Aei-is : 

Linoleio (tnelts, 16° C.)— 48. 

Oleic— 47. 

Rlcinoleic — 46. 
Fiiced Oils-m. 
(Soft Soapa)— 07. 



. SOLIDS. 

Fixed Oik— 59, b; 60 to 63. 
Soaps— 6T. 

" isins— 09, and 68 to 98. 
Alkaloids (fixed)— 183 to 143. 
Car^hydrates : 

CeUuloae— 185. 

Dertria— 175. 

Gum— ITS. 

Gun-ootton— 186. 

Pectin, etc.- 1T7 to 184. 

Starch- 176. 

Sagars—lSS to IBO. 
Albumenoids~-ieS to 167. 
Oelatin—UI), 171. 

VOLATILE. 
Acids r^ Benzoic— 30. 

(CiiryBophanlc) — 27. 

Cinnamic— SL 

(Gallic]— 14 

Nitrophenic — 36. 

(Pyrogallic)— IB- 

Saliejlie— 3a 

Succinic— 33. 

Sulpbophetiic — 37. 

Veratrio— 34. 
Camphors — 115, 101, and 111. 
Anthr ace ue— 1 17. 
Alizarin— 118. 
Anilin compounds— 123. 
Chloral hydrate— 108. 
Iodoform— 199. 
Salts of Volatile Alkaloids. 

LIQUIDS. 

I VOLATILE. 

! Aeids: AceUc — JO. 
I Butyric— 41. 

Eormic— 39. 
Valeric— 43. 
■ Volatile OiJs— 105, 104, atidlOO to 114 
Creosote — 116. 
Volatile Alkaloids— \3l aod 136 U 
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Aiiilin— J31. Solvents— Contmaed. 

Holwnts: Ethei^l9S. 

Alcohol— 103. Co. Ethers-40!<, 416. 43a, 

Aldehjd— 193. 44, ete. 

Amyl. Alcohol— 201. Meth. Aleohol~191. 

Benaole— 119. Nitrobenzole— 130. 

Chloroform— 19". Petroleam— 119X. 



SOLID NON-VOLATILE ACIDS. 

e. TAUTAiaO ACID. H,C,H,0„. Characterteed by the 
forni of its crystals and its rotation of polarized light (a) ; by it« 
odor iviien heated, and its color when treated with sulphuric 
acid (b) ; by the properties of its salts of calciura, potassium, 
load, and silver (c) ; by the extent of its reducing power ((?). — 
Separated {as free acid) from salts or other substances insoluble 
in alcohol by its solubility in that menstruum, and from aqueous 
solutions by its solubility in amylie alcohol (e) ; from alcoholic 
solutions by the igsolubility of tartrates in alcohol (c) ; from 
citric acid by the precipitation of calcium tartrate in cold water 
and of potassium tai-trate in aqueous alcohol (c) ; from sub- 
stances not precipitable by oxide of lead by the method given 
under Acetic axAA at g (40). — Delemimecl hy aeidinictry (/) ; 
gravi metrically as lead, calcium, or potassium tartrate (ff) ; by 
sp. gr. of water solutions (see Storer's " Dictionary of 
Solubilities "). 

a. Ordinary tartaric acid, or " dextrotartaric acid," oya- 
tallixes in colorless, transparent, hard, monocljnic (oblique 
rhombic) prisms, permanent in the air, soluble in 1.5 parts cold 
water, 0.5 part hot water, 3 parts alcohol, not soluble in ether. 
The solution rotates the plane of polarized light to the i-ight, 

b. Wheji heated to 170° to 180° C, the crystals melt with 
formation of mctatartarie acid, etc. ; by higher heat in the air, 
x'arious distillation products are generated, and the mass burna 
with the odor of burnt sugar and the separation *'ff"W?Q[v}7'" 



tahtaiik: acid, 15 

Pure tnrtari.' add dissolves in cold concentrated sulphuric acid, 
colorless, tlio solution turning tlaok when wanneJ. 

c. The normal tartrates of potassium, sodium, and ammo- 
nium, and the acM tartrate of sodium, are freely sohible in 
«atcr; the a«id tartrates of potassium and ammonium arc spar- 
ingly soluble in water; the normal tartrates of non-alkaline 
metals are insoluble or only slightly soluble in water, but mostly 
dissolve in solution of tartaric acid. Tartrates are insoluble in 
absolute alcohol. Aqueous alltalies dissolve most of the tartrates 
(those of mercury, silver, and bismuth being excepted), generally 
by formation of soluble double tartrates. For this reason, 
tartaric acid prevents the precipitation of salts of iron and many 
other heavy OJ^ides by alkalies. Hydrochloric, nitric, and 
sulphuric acids decompose tartrates. 

A solution of tartaric acid added to cold solution of lime, 
leaving the reaction alkaline, causes a slight white precipitate of 
calcic tartrate (distinction from Citric acid, which precipitate's 
only when heated). The sanje precipitate is produced vith a 
tartrate and calcic chloiide solution ; but not readily, if at all, 
with free tartaric acid and calcic sulphate solution (distinction 
from Eacemic acid). The precipitate of calcic tartrate is soluble 
in cold solution of potassa, is precipitated gelatinous on boiling, 
and again dissolves on cooling (distinctions from Citrate), and is 
dissolved by acetic acid (distinction from Oxalate), 

Solution of potassa, or potassic acetate, precipitates concen- 
trated solutions of tartaric acid, as the acid tartrate of potassium 
in microscopic crystals of the trimetric system, soluble in alkalies 
and m mineral acids, not soluble by acetic acid. The precipitate 
is soluble in 230 parts of water at 15°, or in 15 to 20 parts of 
boiling water, but insoluble in aloohol, the addition of which 
promotes its formation in water solutions (distinction and sepa^ 
ration from Citric, Oxalic, and Malic acids ),^— Tartaric acid is 
distinguished from citric acid, in crystal, and "thfe former is 
detected in a crystalline mixture of the two acids, as follows : • 
' * HageF's "UnteTsttclimigen,"E. ?. S. 103, 
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Iti fSfJI.in NOX-VOLATILK ACWS. 

A solution of 4 grammoa of (iried potaasa in 60 cubic ecntr 
meters of water and 30 cubic centimeters of 90 per cent, alcohol 
is poured upon a glass plate or boaker-bottom to the depth of 
about 0.6 centimeter (one-fourth inch). Crystals of the acid 
nnder examination are placed, in regular order, three to five cen- 
timeters (one to two inches) apart, in this liquid, and left without 
notation for two or three hours. The citric acid crystal, dissolves 
slowly b«t completely and without losing its transparency. 
The tartaric aci4 crystal (or the crystal containing tartaric acid) 
becomes, in a^few^ minutes, opaque white (in a greater or less 
degree), and continues for hours and days slowly to disintegrate 
without di^olving and with gradual projection of spicate crystals, 
fibrous and opaque, also trimetric prisms. (See, also, Citric 
ficid, e.) 

Solution of lead acetate precipitates free t-artario acid or tar- 
trates as white normal tartrate of lea^ very slightly soluble in 
water, "insoluble in alcohol, but slightly soluble in acetic acid, 
readily soluble in tartaric acid and in tartrate of ammonium 
solution, and freely soluble in ammcmiacal solution of tartrate of 
ammonium (distinction from Malate), somewhat soluble in 
chloride of ammonium. 

Solution of silver nitrate precipitates solutions of normal 
tartrates (not free tartaric acid) as white argentic tartrate, soluble 
in ammonia and in nitric acid. On boiling, the precipitate turns 
black, by reduction of silver, some portion of which usually 
deposits as a mirror-coating on the glass. The mirror is formed 
more perfectly if the washed precipitate of ai^ntie tartrate is 
treated with ammonia just enough to dissolve nearly all of it, 
and the solution left on the water bath. (The reduction is a 
distinction from Citrate). Free tartaric acid does not reduce 
silver from its mtrate, 

(7. The copper sulphate with potassa is not reduced by tar- 
taric acid. Potassium permanganate solution is redueeji very 
slowly by free tartaric acid; but quickly by alkaline solution of 
tartrates, with separation of brown binoxidc of mnnfi.inesp (dJB- 



tinction from Citrates which separate the brown biuoside of man- 
ganese slowly or not at all, leaving green solution of manganate). 

e. Tartaric acid may be extracted from tartrates by decom- 
posing with sulphuric acid and dissolving with alcohol, sulphates 
being generally insoluble in alcohol. Free tartaric add may 
be extracted fl'om water solutions by agitation with amylio 
alcohol, which rises to the surface. 

QiiantitatiTe .—;/"■ Free tartaric acid, unmixed with other 
acids, may be determined vohiinetriGaUy by adding a normal 
solution of soda, to the neutral tint of litmus. Weighing 7.500 
grammes, the required number of cubic centimeters of normal 
solution equals the number per cent, of acid. 

g. In absence of acids forming insoluble lead salts, tartaric acid 
may be precipitated by acetate of lead solution, washed with 
dilute alcohol, dried on the water bath and weighed as normal 
lead tartrate. PbO.H^O, : H,0.H,O. : : 1 : 0.422535. 

Ill absence of acids forming insoluble calcium salts, tartaric 
acid may be precipitated from solution of neutral sodium tar- 
trate by chloride of calciiun. If ammonium salts are present, 
the ammonia should first be mostly expelled by adding sodium 
carbonate and heating — the excess of carbonate being neutralized 
with acetic acid. The precipitate of calciunt tartrate should be 
heated and left aside for completion, washed with a little water 
and then with dilute alcohol, and dried (in a tared filter) at 40° 
to 50" C. Ca C,H,0,+4H,0 ; H,C,H,0, : : 1 : 0.577. 

In presence of citric acid, oxalic acid, sulphuric acid, phos- 
phoric acid, etc, the tartaric acid may be determined as potas- 
sium bitar.trate. The solution of acid is made nearly neutral by 
addition of soda, or the solution of salt (tartrate) is made slightly 
acid by addition of acetic acid ; this water solution is obtained 
in concentrated form and treated with a little alcohol but not to 
cause a precipitate, and then precipitated with concentrated solu- 
tion of acetate of potassium. The prttcipitate is washed with 
alcohol, and dried on tho water bath. KH C^H,0, ; HjO^H.Oj 
: ; 1 : 0.707. Results appvoximate. 
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7. BACEffiQC ACID, laomer of tai'taric acid, from -which 
it is distinguished as follows : By forming tricliuic ciystais, 
HjC,H,Oj , HjO ; soluble in 5 parts cold water or 48 parts of 
alcohol of sp. gr. .809; slightly efflorescent oe the surface ; losing 
the water of erystallization at 100°. By its solution (nncom- 
biiied) being able to form ailer a short time a slight precipitate 
iti solution of calcic sulphate and a precipitate in solution of 
calcic chloride ; the precipitate of calcic racemate being, after 
solution in hydrochloric acid, precipitated again by ammonia, 
tliat is, not soluble in chloride of ammoniam solution. By being 
inactive toward polarized light. 

e. CITBIC ACaD. HgCjH^O,. Characterized hyth%£uvm, 
solubilities, and fusibility of its crystals (a); by the properties 
of its salts of calcium, barium, lead, silver, potassium (5) ; by the 
limits of its reducing power (c). — Separated (as free acid) from 
sulphates and other ^substances insoluble in alcohol by its solu- 
bility in this menstruum (d); fi-om tartaric acid, approximately, 
by the slight solubility of the potaasic tartrate in dilute alcohol 
(e) ; from acids which forpi soluble lea<l salts by method given 
under Acetic acid at tf. — Determined by acidimetry (y) ; by 
precipitation as bariUin citrate to be weighed as barium sulphate, 
or as barium citrate. 

a. The citric acid of commerce is crystallized (from rather 
concentrated solutions) as HjC^H^O, . H,0, in large, transparent, 
colorless, and odorless prisms of the trimetric system. These 
crystals slowly effloresce in the air between 28° and 50° C, and 
lose all their water of crystallization at 100° C. A different form 
of crystals, containing one molecule of water to two molecules 
of add, is obtained from boiling, concentrated solutions. — Citric 
acid melts when heated, and at 175° gives off pungent, character- 
istic vapors, containing acetone (see Acetic acid, 40, (i), while 
Aconitic acid (9) is formed in the residue. (The odor is dis- 
tinctly unlike tliat of heated Tartaric acid,) — Citric acid is 
':''h'Me in less than its weight of water, in 1.5 parts of 00 per 
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cent, alcohol, insoluble in absolute ether, but soluble to a slight 
extect in ether containing alcohol or water ; also slightly soluble 
in chloi'oform containing alcohol. 

i. The alkaline citrates are freely soluble in water ; iron, zinc, 
and copper citrates, moderately soluble ; other metallic citrates 
mostly insoluble, calcium citrate heing somewhat soluble in cold 
water, but nearly insoluble in hot water. ■ Amm-onio-ferric citrate 
is readily soluble in water. Citiic acid prevents the precipita- 
tion of iron and many other heavy metals by the alkalies, soluble 
double citrates being formed. The alkaline citrates are sparingly 
soluble in hot, less soluble in cold alcohol. — Solatiou of lime, 
added to solution of citric acid or citrates, causes no precipitate 
in the cold (distinction from Tartaric, Raeemic, Oxalic acids); 
but on boiling a slight precipitate is formed (distinction fi-om 
Malic" acid). Solution of chloride of calcium does not precipi- 
tate solution of free citrlo acid even on boiling, nor citrates in the 
cold, but precipitates citrates (neutralized citric acid) when the 
mixture is boiled. The precipitate, Caj(C,H^O,), ■ 2H,0, is 
insoluble in cold solution of potassa (which should be not very 
dilute and nearly free from carbonate), but soluble in solution of 
cuprio chloride (two means of distinctl&n from Tartaric acid) ; 
also soluble in cold solution of chloride of ammonium and 
readily soluble in acetic acid. — Solution of acetate of lead pre- 
cipitates from solutions of neutral citrates, and from even very 
dilute alcoholic solution of citric acid, the M'hite citrate of lead, 
'E\i^{0^fi^^-^'B.^O, somewliat soluble in free citric acid, 
soluble in nitric acid, in solutions of all the alkaliiie citrates and 
of chloride and nitrate of ammonium, soluble in ammonia (for- 
mation of basic citrate of lead then soluble with the citrate of 
ammonium produced). (Malate of lead is not soluble in malate 
of ammonium.) 

c. Nitrate of Bilvar precipitates from neutral solutions of 
citrate's, white normal citrate of silver, not blackened by boiling 
(distinction from Tartrate). — Solution of permanganate of 
potassium is s<'aii cl\ at all aifeotcd by free citric acid in the cold. 
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With free alkali, tlio solution turns green slowly in the cold, 
readily when boiled, without precipitation of brown binoxidc of 
manganese till ailer a long time {distinction li-om Tartrate). 

d. Citric acid is separated from "extractive matters" and 
from acids which form soluble barium salts by precipitation, as 
barium cilraie, which ia then carefully decomposed with sul- 
phuric acid. — From citrates soluble in water, the acid may bo 
obtained by decomposing with sulphuric acid (not added in 
excess), then removing the water by evaporation at a tempera- 
ture below 100°, and extracting the citric acid from the residue 
by alcohol. 

e. One part of citric acid dissolved in two parts of water, 
and treated with a solution of one part of acetate of potasaium 
in two parts of water, will remain clear after addition of an 
equal volume of sti-ong alcoliol (absence of Tartaric, Racemio, 
and Oxalic acids). Por a method by treatment of the ciystals 
with alcoholic solution of potassa, see Tartaric acid (1), e. 

Quantitative.—/. Uncombined citric acid, not mixed with 
other acids, may be determined volumetrically by adding a 
standard solution of soda or potassa to the neutral tint of litmus. 
Weighing 7,000 gi-amm^ (^ of -J of C„H,0, . H,0) the number 
of cubic centimeters of normal solution of alkali required equals 
the number per cent, of crystallized acid,* 

g. The precipitation of alkaline citrates by barium acetate is 
made complete in solution of alcohol of sp. gr. 0.908 — as 
follows ;f 

The dtric acid is obtained as alkaline citrate, if fiee, bj neu 
tralization with soda ; if combined with a non-alkalme base, h^ 
warm digestion with an excess of soda or potassi, filteiing and 
washing — the filtrate being neutralized by acetic acid In either 
case, the carefully neutralized and not very dilute solution is 
treated with a slight excess of exactly neutral sclution ct icetite 
of barium, and a volume of 95 per cent, alcohol eq xl to twice 
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tliiit of the \rholo mistiire, is added. The precipitate is waslied 
on the filter with 63 per cent, alcohol, and dried at a moderat-e 
heat. The citrate of barium cont^s a variable quantity of 
water, and is transformed into sulphate of barium by transferring 
to a porcelain capsule, burning the filter, and heating with sul- 
phuric acid several times, till the weight is constant. SBaSO, : 
2H,C„H,0, . H,0 : : 1 : 0.601. 

Hager directs that barium, or calcium citrate (washed with 
iilcohol) bo dried at 120° to 150= and weighed. Ba^lC.H.O,}, ; 
2H,C„H,0, . H,0 : : 1 : 0.53232. 

9. ACOKITIO ACID. H,C^p„. A colorless solid, crystal- 
lizing with difficulty in warty masses, at 160° C. (320° 1''.) resolved 
into liquid itaconic acid. Soluble in water, alcohol, and et'her ; 
its solutions having a decided acid reaction. It has a purely acid 
taste. — The aconilufes of the alkalme metals, magnesium, and 
zinc are freely soluble, the others insoluble or sparingly soluble, 
in water. Calcic aconitate is soluble in about 100 parts of 
cold water and in a much smaller quantity of boiling water. 
Manganous aconitate crystallizes in rose-colored octahedrons, 
sparingly soluble in water. Argentic aconitate is sparingly 
soluble in ^^atcr. soluble in alcohol or ether, blacltened by 
boiling with water. — Free aeoaitic aeid is precipitated by mer- 
curous nitrate, but not by most metallic salts until afier neu- 
tralization. 

Aeomtic acid is ^epm-ated from Monkshood (Acoiiitum 
napdlus), Larkspur (^Delphinium consoUda), Equisetum, Black 
Hellebore, Yarrow (Achillea millefolitcm), and other plants, in 
which it exists as calcium salt, by evaporating the clear decoc- 
tion to crystallize. The crystals of aconitate of calcium are dis- 
solved and precipitated by acetate of lead, and the lead salt 
decomposed by hydroaulphui-ic acid. It is also separated from 
impurities by adding (to the dry mixture) five parts of absolute 
alcohol, then 'iaturating the filtered solution ^^ith hydrochloric 
aeid, .ind adding watri. when ncoiiit.ito of cth\l will rise as an 
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oily lajou, colorless and of aromatic odor, Tliis etlior may lie 
decomposed by potassa. 

Aconitle acid may be separated from Maleic acid liy tiie 
more ready crystallization of the latter, and from Fiimaric acid 
by being oiore soluble in water, 

10. MALIC ACID. H,C,H,0,. /(^emiyjef/m ore especially 
by its deportment when heated {a) ; by the deportment of its 
lead salt when heated under \yater (5), and of its calcium s^t in 
water and in alcohol [d ). — Sq>arated from tartaric, citric, oxalic, 
and other acids by alcoholic solubility of the neutral malato of 
ammonium (c) and by its reactioa with calcium, iii water solu- 
tions (f^); from tannic acid, also, by aqueous solubility of calcic 
malate, and from formic, acetic, benzoic aeida by alcoholic inso- 
lubility of calcic malate (d).-~-J)eter mined gravimetrically as 
lead malate (e). 

Crystallizes in four-sided or six-sided prisms, deliquescent in 
air ; colorless, odorless, and of sour taste ; freely soluble in 
water and alcohol, soluble in ether. The malates arc mostly 
soluble in water, but insoluble in alcohol. Nitric acid oxidizes 
malic acid, and alkaline solution of permanganate is decolorized 
by it, but chromic acid acts on it with difficulty. Malate of 
silver dai'kens but slightly on boiling (Tartrate blackens). Con- 
centrated sulphuric acid darkens malic acid very slowly after 
^i-arraing, Ilydriodie acid changes it to succinic acid with sepa- 
ration of iodine (the result being the same with Tartaric acid), 
Sudium amalgam changes malic to succinic acid, 

a. Pree malic acid, Jteated in a small retort over an oil-bath' 
to 175° or 180° C, evolves vapors of maleic and fumaric acids, 
which crystallize in the retort and receiver. The fumaric acid 
forms slowly at 150° C, and mostly crystallizes in the retort, in 
broad, colorless, rhombic or hexagonal prisms, which vaporize 
without melting at about 300° C, and are soluble in 250 parts 
of water, easily soluble in alcohol or ether. If the temperature 
is suddenly raised to 200°, the maloic acid h the chief pi-oduct. 



Maleic acid crystallizes in obliquo, rhomboidal prisms, wiilch 
melt at 130° and vaporize at 3liOHt_160°, and aro readily soluble 
in water and in alcohol. The tesoor malic acid, by heating to 
175° or 180°, may be made in a test-tube, with a sand-bath, the 
sublimate of fumarie and maleic aeida condensiag . in the upper 
part of the tube. Malic acid melts below 100°, and does not 
loso weight at 120° ; at the temperature of the test water-vapor 
is separated — maleio atrd fumaric acids both having the eomposi- 
tiou of malic anhydride (CjH,0^). 

h. Solution of aoetate of iMid precipitates malic acid, more 
perfectly after neutralizing with ammonia, as a white and fre- 
quently crystalline precipitate which upon a little boiling melts 
to a transparent, waxy semi-liquid (a characteristic reaction, ob- ' 
seured by presence of other salts). The precipitate is very 
'^piimglj soluble m cold Abater, somewhat soluble m hot watei 
(di&tmttion fiom Citrate and Tarti ate) , soluble m stion^ jimmo 
nn, but not readily dissohed in slight Cicesa of ammonia 
(distinction ftom citrate and tartrate) , ahghtb solutk in 
acLtic acid 

/• If the piecipitite of malato of load is tieatt-1 with evcess 
ot ammonia, dned on the watci bith, triturated and moistened 
Mith ilcuholn, ammf ma and then treated w ith absolute alcohol, 
jnh thp molate oi ammonium dissolves (distinction ftom 
Tirtaiic, Cituc, 0\alie, and many othti oiganic acids, the iioimal 
ammonium salts of which aie insoluble in absolute alcohol) 
VIso molic acid may be separated from taitaric, o\aIic, and 
L tuc acids, in solution, by adding immoma m slight e\oe^s, and 
then 8 01 9 volumes of alcohol, which leases onlj the malate of 
ammonium m solution, 

d. Solution of chloride of caloinm does not precipitate malic 
acid or matates in the cold (distinction from Oxalic and. Tartaric 
acids) ; only in neutral and very concentrated solutions is a pre- 
cipitate formed on boiling (while calcic citrate is precipitated in 
neutral boiling solutions if not very dilute). The addition of 
1 after chloride of calcium produces a white bulky precipi- 
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tiitc of calcic mjilatc in even dilute neutral solutions (indicative 
in absence of sulphuric and otlier acids whose calcium salts are 
less soluble in alcohol thsn -m water), — Acetic, Pormic, and 
Benzoic acids arc left in Bolutiou and malic ncid precipitated by 
addition of oiie or two volumes of alcohol, with chloride of 
calcium. In separation from Tnmiic acid, both acids may be 
precipitated by cliloride of calcium, with a slight excess of 
ammonia and alcohol ; the malatc is then M'ashed out of the 
precipitate with water. 

Quantitative. — e- The alcoholic solution of malate of am- 
monium — prepared as directed in c — may be pi:ecipitated with 
acetate of lead, washed with alcohol, dried and weighed as malate 
of lead. PbC.H^^ : H,C,H,0, : : 1 : 0.3958. 

11. MBCOHIC ACID. H,C,HO,. Idejitijied- by its 
pJiysical properties and precipitation by hydrochloric acid (a) ; 
its reactions with iron and other metals (S) ; and by its products 
when heated (c). It is separated from opium through formation, 
of the calcium salt or lead salt {d). 

a. Meconic acid crystallizes in white shining scales or small 
rhombic prisms, containing three molecules of crystallization 
water, fully given off at 100° C. It is soluble ia 115 parts of 
water at ordinary temperatures, less soluble in water acidulated 
with hydrochloric acid, more soluble in hob water, freely soluble 
in alcohol, slightly soluble in ether. It has an acid and astringent 
taste and a marked acid reaction. Its salts, having two atoms of 
its hydrogen displaced by acid, are neutral to test-paper. Except 
those of the alkali metals, the dim.etallie and trtmetallic mcco- 
nates are mostly insoluble in water. Meeoiiates are nearly all 
insoluble in alcohol. They are but slightly or not iit all dccom.- 
posed by aeetic acid. 

Solutions of meconatos are precipitated by hydrochloric 
acid, as explained above; 

J}. Solution of meooiiio acid is colorcjit red by solution of 
ferric chloride. One ten-thousandth of a grain of fhe acid in 
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one grain of water witli a drop of the reagent acquires a distinct 
purplish-red color (Wobmley). The color is not readily dis- 
charged by addition, of dilute hydrochloric acjd (distinction from 
Acetic acid), or by solution of mercuric chloride (distinction 
from suiphocyanic aeid). — Solution of acetate of lead precipi- 
tates meeonic acid or mecoiiat«s as the yellowish-white meconate 
of lead, Pbj(0,HO,)j, insoluble in water or aeotic acid. — Excess 
of baryta water precipitates a yellow trimetallic meconate. — 
Solution of nitrate of silver in excess precipitates free meeonic 
aciS ou boiling, and precipitates meconates directly, as yellow 
trimetallic meconate ; il' free moeonio acid is in excess, the preci- 
pitate is fii-st the wliite dimetallic meconate ; both meconates 
being soluble in ammonia and insoluble in acetic acid. — Solution 
of chloride of calcium precipitates fivam solutions of meeonic 
acid, and even from neutral meconates, chiefly the white mono- 
metallic meconate, CaHj(C,HO,), . 2H,0, sparingly soluble in 
cold water ; in the presence of free ammonia, the less soluble, 
yellow dimetallic salt, CaHC,HO, . H,0, is formed. Both preci- 
pitates are soluble in about 20 parts of water acidulated with 
hydrochloric acid. 

c. At 120° C. (248° F.) dry meeonic acid is resolved into 
comenic aeid ; at above 200° C. the comenic acid is resolved 
into pyroeomenic acid and otfier products. The sublimate of 
eomenio acid dissolves sparingly in hot water, not at all in abso-' 
lute alcohol. It crystallizes in prisms, plates, or granules. Solu- 
tion of comenic aeid gives a red color with ferric chloride, green 
pyramidal crystals with cuprio sulphate in concentrated solu- 
tion, and a ycllo wish-white granular precipitate with acetate 
of lead. 

d. The a^aration of meeonic acid from opium is effected 
with least loss by precipitating the infusion with acetate of lead 
(leaving the alkaloids as acetates with some excess of lead in the 
filtrate). The precipitate is decomposed, in water, with hydro- 
sulpliuric acid gas, and the filtrate therefrom is concentrated (and 
acidulated with hydrochloric ocid) to crystallize the meeonic acid; 
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The crystals are purified by dissolving in hot water and crystal- 
lizing in the cold after a^idulation with hydrochloric acid. 

The calciTtm meconate, precipitated in concentrated solution 
by Gregory's process for preparation of morphia, as by the Br, 
Pharmacoposial preparation of morphite muriaa, is washed with 
cold water and pressed. One part of the precipitate is dissolved 
by .digestion in 30 parts of nearly boiling water with 3 parts of 
commercial hydrochloric acid, and set aside to crystallize the acid 
meconate of calcium. The crystals are purified from color and 
freed from calcium by repeated solution in the same solvent, used 
just below 100° C, and eadi time in a slightly diminished quan- 
tity. The acid may be further decolorized by neutralizing with 
potassie carbonate, dissolving in the least sufficient quantity 
of hot water, draining the magma of salt when cold, dissolv- 
ing again in hot water and adding hydrochlorio acid to crys- 
tallize. 

12. DIG-ITALIC ACID. Digitaleic acid, Digitoleie acid. 
— A solid of a green color, crystallizing in slender needles, some- 
times stellate, having a bitter taste and pleasant aromatic odor. 
It is sparingly soluble in water, freely soluble , in alcohol 
and in ether. It reddens litmus and decomposes carbonates. 
The alkaline digitalates are soluble, forming soapy solutions 
with water; the other metallic digitalates are insoluble in 
water. 

Digitalic acid ia obtained from the leaves of the fox-glove 
(digitalis purpurea) by exhausting with cold water, precipitating 
the solution with acetate of lead, decomposing the predpitate 
■with solution of carbonate of , sodium, and treating the somewhat 
concentrated filtered solution with hydrochlorio acid, which pre- 
cipitates crude digitalio acid. This is purified by crystallization 
iiom alcohol, 

13, TAHUIC ACIDS: Vegetable educts having an osfr^M- 
gont iaslii and an a«id effect on test-papers, mostly amorphous, 
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not Toliitilc or liqiiofiable, freely soluble jii water and in alcohol, 
mostly but little soluble in dilute sulphuric acid ; forming with 
ferrio salts green or blue colors, nad precipitating solutions of 
gelatin and albumen (disticctions from gallic acid). Attributed 
formulsB, C^HjjOjj ; C„H,jO„ i 0,,H,„0, (S.chiff), 

The tannic acids are further characterized by forming in solu- 
tions of all the caustic alkaliee a brown color bleaehtd by oxalic 
acid, and in solutions of alkaloids a white precipitate dissolved 
by acetic and stronger acids. With exceptions hereafter named, 
they precipitate solution of tartrate of antimony and potassium ; 
they precipitate basic acetate of lead, and form insoluble conj- 
pounds with many heavy metals. They all absorb oxygen, espe- 
cially in presence of alkalies, and act as powerful reducing agents 
— quicltly decoloming solution of permanganate, and reducing 
the heated alkaline copper solution. Tannic acids are more per- 
manent in alcoholic than in aqueous solutions. 

If a very little starch-paste be tinged blue by a slight addition 
of hundredth-normal solution of Iodine (1 part iodine dissolved 
with potassic iodide in 100,000 parts aqueous solution), on adding 
a liquid containing tannic acid the blue color of the iodized starch 
presently disappears — hydriodic acid and gallic acid being formed. 
On adding a crystal of potassic nitiit« the blue is restored.* 
Also, if a drop of tannic acid Bolution is mixed with a few drops 
of iodine solution of the above strength and ailerward a drop of 
very dilute alkali be added, on eviporition to remove carbonic 
acid, a bright red color will appear. | By oxidation the tannic 
acids acquire a, dark color, brown, black, green, or red. Gallotannic 
a«id with alkalies in the air slowly forms tannoxylic acid, which 
precipitates acetato of lead solution dark-red. With lime-water 
it forms a white turbidity, becoming green and darker. Tannio 
acids form with molybdate of ammonium a red color removed 
by oxalic acid. 

Tha physiological taxmia mtA (Wagnek, I860) or queroitan- 
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nic acid is found in the tark of the oak, pine, willow, aii<l beech, 
in bablah (acacia fruit), in valonia (cups of the quercus cegilops), 
ajid in sumac. It is a glucoside, and it does not yield pyrogal- 
ILo acid by dry distillation. The pathological tannic acid of 
Wagner, or gallotannic acid, is found in common or Turkish gall- 
nuts and in Chinese and Japanese gall-nuts. It is a glucoside 
(being transformed by contact of a ferment or by sulphuric a^id 
into gallic acid and glucose), and in dry distillation it yields 
pyrogailic acid. 

Ferric salts give blue to bluc-Llack precipitates with gallo- 
tannic acid, quercitannic acid, and the tannic acids of poplar 
bark, birch bark, liazel-nut, uva ursi leaves, lithrum salicaria 
leaves, tlie bark of conius florida and comus mascula, and many 
other plants. Fen-ic gallotannate (inJc) is bleached by oxalic 
acid. Oh digestion with nitric acid, a yellowish solution is 
formed, in which excess of ammonia precipitates ferric hydrate. 
Perrio salts give green precipitates with quiaotannic acid, mori- 
taniiic acid, caifetaamic acid, catecbutannic acid, catcchuic acid, 
cophaelic acid, the tannic acids of the barks of pines and fir and 
willow, the rhubarb root, the root of potentilla tormentilla, and 
of numerous other plants. Cephaelio acid with ammonia is 
colored violet to black by ferric salts. 

Gelatin does not precipitate Catechuic acid or Caffe- 
tannic acid. 

Tannic acids are removed from solution by digestion wiUi 
oxide of copper, oxide of zinc, or animal membrane ; or by pre- 
cipitation with solution of gelatin, sulphate of einchonia, or 
acetate of copper. — ^They are separated as insoluble lead salts, 
according to the general method given under Acetic Acid. 

Quantitative. — ^The total tannic acids in solution are deter- 
mined — by the specific gravity (a) ; by absoi'ption in oxide of 
copper (5) ; by a volumetric solution of sulphate of einchonia 
(o) ; by a volumetric solution of tartrate of antimony and 
potassium (in presence of chloride of ammoiiiuni to prevent the 
precipitation of gallic aeid) ((?). 



a. A water solution of gallotannio acid at 17.5° C. (03,5" F.) 
eontair^ as follows (after Hagbr) ; 
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Whea other substances besides tannic acid and water are 
present, the specific gravity of the solution la first taken ; the 
soJutrion is then deprived of tannic a<:id b} digestion with animal 
membrane. Four to fi\e piits of dried and laaped hide are 
added for one part suppose! tannic acid After digestion, the 
filtrate and washings are bt ought to the exact bulk of the original 
solution and to the standard tempeiatute The former specific 
gravity minus the latter, and plus one equals the specific gravity 
indicating the per c«nt. ol tannm Gallic aoid is not taken out 
by the membrane, — [f peotjus substances iie present, they would 
also be precipitated by the animal membrane henco they must 
be removed, before taking the specific gravitj m the first place, 
Tliis is accomplished by making an alcoholic extract .of the ori- 
ginal material, then evaporating off" the alcohjl and substituting 
water (Hammer). — Instead of animal membrane, oxide of copper 
may be used to remove the tamiic acid (and gallic acid), accord- 
ing to b. 

b. A weighed quantity of recently ignited oxide of copper — 
about 5 times that of the tannin — is added to the prepared solu- 
tion ; the mixture is gently warmed for an hour and set aside for a 
day with frequent agitation, then filtered and the copper tannate and 
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oxide washed, di-iod on the water-bath and weighed. The ii 
of weight is the amount of tannic (and gallic) acid (Haoer). 

e. 4.533 grams of good sulphate of cinchonia, with 0.5 gram 
sulphuric acid, and 0.1 gram acetate rosanUin or fuchsin, are dis- 
solved in water to malie one litre. Each c.e. of this solution 
precipitates 0.01 gram tannic acid. One gram of solid material 
is obtained in clear solution of about 50 c.c. measure. To this 
the standard solution of cinchona is added, the ctlor being thrown 
down in the precipitate. "When the tannic acid is all precipi- 
tated, the anilin color appears in solution. One gram, having 
been takea, each c.c. of the volumetric solution indicates 1 per 
cent, of tannic acid. GalUc acid is not precipitated by cinchonia 
(R. WAaNBR). 

d. One equivalent of tartrate of antimony and potassium, 
after drying on the water-bath (K SbO CjH,0,=335), is preci- 
pitated by one equivalent of tannic acid (C„Hj,0,j=636) ; or, 
0.002555 anhydrous tartrate is precipitated by 0.005 of the tannin. 
Dissolving 2.555 grama of anhydrous tartrate of antimony and 
potassium'J'fr'water to make one litre of solution, each c.c of the 
same corresponds to 0.005 of tannic aflid. The prepared solu- 
tion of tannic acid — which may contain pectous substances with- 
out interference with this method — is treated with chloride of 
ammonium, and the volumetric solution is added, with agitation, 
until turbidity is no longer produced. The precipitate separates 
well. Gallic acid is not thrown down when chloride of ammo- 
nium is present (Gerlakd). 

14. GALLIC ACID. C,H,Oj; crystallizing with H,0. An 
inodorous solid, having an astimgent and slightly acid taste, an 
acid effect on test-papers, and crystallizmg m long, sQky needles 
or triclinic prisms It la soluble in 100 paiti of cold or 3 parts 
of boilmg water, fieslj soluble m alcohol, moderately soluble in 
ordinary ether, and 1 ut slightlj soluble in absolute ether, iiiso- 
luble in chloroform or petiolcum naphtha Its non-alkalino 
metallic salts .lie insoluble m water but snluble in alcohol, and 
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slightly soluble in officinai etiier ; they are decomposed by acids 
and by alkalies. 

Heated to 210°-315° C. (410''-419'' F.), in absence of water, 
it is sublimed as pyrogfillio a«id and carbonic anhydride ; at 
higher temperatures, other products are formed. 

Gallic acid is characterised by its physical properties (as 
al)Ove given) ; by its reactions with iron salts (a), with allsalies 
(J), with tartrate of antimony and potassa and with alltaline 
arsenate in the air (c), and with molybdate of ammomvtm (d)- 
It is distinguished from the tannic acids by negative results 
with gelatin, albumen, and starch (e) ; by not precipitating the 
alkaloids, and by its far weaker reducing power (_f) (distinction 
from pyrogallie acid also). — Gallic acid is determined, if free 
from tannic acids, by absorption in recently ignited oxide of zinc, 
according to method b in determination of tannic acid. It is 
separated from tannic acids and determined by solution with car- 
bonate of ammonium from the precipitate with acetat* of 
copper (j7). 

a. Ferric salts in solution give a deep blue color with gallic 
acid. Ferroue salts give a blue-black precipitate (distinction 
from gallotannic acid). 

b. Alkaline solutions of gallic acid turn yellow to brown and 
black in the air, from absorption of 'oxygen and formation of tan- 
nomelnnic acid, greatly accelerated by boiling. The latter acid, on 
neutralizing with acetic acid, precipitates acetate of lead, black. 

Solution of lime with gallic acid, forms a white turbidity^ 
changing to blue and then to green. 

/:. Tartrate of antimony and potassium is precipitated whi^e 
ill very dilute solution, 

A faintly alkaline solution of arsenate of potassium or sodiwm, 
with gallic acid,~iexposed to the air, soon develops an intense 
green color, commencing at the surface. Dilute acids cliange the 
green to purple-red and a careful neutralization with alkalies 
restores the green color, but it is destroyed by excess of alkali.* 
* Proctor : Jour. Ckarrt. Soc, 187-I, p, 500. 
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(?. Moiybdate of jiinmoniimi reacts as with tannic acid. 

e, Gallic acid does not precipitate gelatin, albumen, or staroh- 
pasto, but it forms a precipitate with a mixture of gum-itrabic 
and gelatin, 

/. Gallic a*id does not reduce allialino copper solution, but 
reduces salts of gold and silver, and <iuickly decolorizes perman- 
ganate solution, 

ftuantitatiTe. — <?. The prepared solution is fully preci- 
pitated with a filtered solution of cupric acetate; the precipitate 
washed and then exhausted with cold solution of carbonate of 
ammonium. The last solution, eontamitig all. the giillato of cop- 
per with a very little tamiate, la eyaporated to dryness, the 
residue moistened with nitric acid, ignited, and weighed as oxide 
of copper. This weight multiplied by 0.9 gives the quantity of 
gallio acid (the full ratio being 0.912S, but allowance is made for 
solution of a little tannate by the carbonate of ammonium. 
The ratio betweea oxide of copper and tannic acid is 1.304). 
(Method of Flsck modified by Sackuk and Wolf.) 

15. PTEOG-ALLIC ACH). C,H,0,. Pyrogallino, Pyro- 
gallol. — Gharacteri'zed tiy its physical properties (a); its 
peculiar avidity for oxygen (b) ; its reactions with alkalies, lime, 
iron, copper, etc. (c). It is distinguisTied from tannic acid ^ 
not precipitating gelatin or moderately dilute tartrate of autte 
mony and potassium or cinchonia, and by its different re,action^ 
with both ferrous and fen-ic salts : from gallic acid by its greater 
solubility in cold water and its far greater reducing power (6). 
It may be determined gravi metrically as a lead precipitate (d), 
and volumetrically by peiTnangauate. 

a. Pyrogallic acid crystallizes in long prismatic plates or 
needles, of a white or yellowish- white color, and an acid and very 
bitter taste. At 115° C. (239= F.) it melts, and at about210°C. 
(410° F.) it sublimes with partial decomposition and formation of 
motagallic aeid. It is soluble in three parts cold water, freely 
soluble in alcohol and in ether, not soluble in absolute chloroform. 
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b It IS penniiiLnt In dry air free from ammonia, but in 
moist oi amnioniactl ail' it gracliially darkens, and in water 
solution it turns blo^yn to black, sooner if boiled, still more 
1 If idly m ptosence of alkalies, absorption of oxyg&i taking 
J lace to &a extent | roportional. to tho coloration, which is 
destrojed bj oxalic a<,id. It quickly reduces the alkaline copper 
solution , aUo salts of the noble metals, and reduces acid solu- 
tion of petmanganati. with evolution of carbonic anhydride, 

c y^ itb Imie solution, a purple-red eolor at first appears, 
atterwaid the brown color formed by alkalies as mentioned in b. 
y^ ith feiious salta 1 blue color is formed; with ferric salts a red 
solution, brown when heated. Acetate of copper gives a brown- 
gicen piecipitatc, acetate of lead a white, curdy precipitate; 
both soluble ill acotif acid. 

Quantitative. — d. The alcoholic solutioo of pyrogallic acid 
is precipitated with excess of alcoholic solution of acetate of lead ; 
the precipitate washed quickly with alcohol, dried by water-bath 
and weighed. Pb(C,H,Ojj : 2C,Hp, : : 457 : 253 : : 1 : 
0,55143. 

16. QTHM'OTAlfl'nC ACID. Cinchotannic acid. Kino- 
taimie acid. — See'Tannic acids (13) for appearance, taste, soiu- 
bilitles, and reactionfe.iwith alkalies and with iron salts. It pre- 
cipitates tartrate of antimony and potassium only in concenti'ated 
solutions. In oxidation with alkalies it forms a red-brown color, 
due to cinchona-red, which dissolves in alkalies and in acetic acid, 
but jiot in water. Concentrated sulphuric acid changes quino- 
tannic acid to cinehona-red and glucose. In dry distillation, 
phcnie acid is formed, recognized by the odor. Quinotannic acid 
is removed from solution by acetate of lead, and from its lead 
precipitate by hydrosulphuric acid. For separation from Cin- 
chona bark, see under Quinio Acid, </. 

17. CATECKUTAWinC ACID. Has the properties of 
tannic acids in general, giving a grayish-green precipitate with 
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ferric salts, aad distinguished by not precipitating tartrate of 
antimony and potassium. It softens when heated, and by dry 
distillatioB yields an empyreumatic oil. The product of its 
atmospheric oxidation in water is red. 

Catechutannic acid is separated from Catechu as follows : 
The aqueous iniusion of catechu is heated with dilute eulphwric 
acid and filtered ; the filtrate treated with concentrated sulphuric 
acid to precipitate the acid sought; the precipitate is washed on 
a filter with dilute sulphuric acid and pressed between paper. It 
may then be dissolved in water; the solution treated with car- 
bonate of lead and filtered ; the filtrate evaporated in vacuo. It 
may be farther purified by dissolving in alcoholic ether and 
evaporating off the solvent. 

18. CATECHUIO ACIB. Catechucio acid. Catcchin. 
Tanningenic acid. — A white, tasteless powder, or in fine, silky 
needles, melting at 217° C. (423° F.), and in dry distillation 
yielding an empyrerunatio oil. Very slightly soluble in cold 
water, soluble in three parts boUing water, moderately soluble in 
alcohol, sparingly soluble in ether. With alkalies and metallic 
salts, and as a reducing agent, it gives the reactions of the (iron- 
green) Tannic Acids, from which it is distinguished by not giving 
precipitates with tartrate of antimony and potassium or with 
alkaloids, or with gelatin (the last-named being a distinction 
f]-om catechutannic acid). With strong sulphuric acid it forms 
a deep purple liquid. 

Catechuic acid may be separated from catechutannic add 
and the otlier oonstitiieiits of catechu by its sparing solubility 
ill cold aud ready solubility in hot water, Bengal catechu is 
digested twenty-four hours in cold water, aud the (slightly 
washed) residue is then exhausted with boiling water. When 
the solution eools, a yellow deposit of catechuic acid appears. 
This is washed in cold water. It may be decolorized by hot 
filtration through animal charcoal. It is dried on bibulous paper 
by aid of the air-pump. 
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19. MOmifTANHlC ACID. C^^H^O,- Capable oi' 
crystallization ; yellow, with great tinctorial power, and of an 
astringent, sweetish taste. Melts at 200° C, and at higher tem- 
peratures distils pheiiic acid. In reactions with alkalies, oxidiz- 
ing agents, gelatin, tartrate of antimony and potassium, iron 
salts, etc., it behaves like other Tannic Acids (13). "With feiric 
salts it gives a greenish precipitate ; with acetate of lead a yellow 
precipitate ; with sulphate of copper a yellowish-brown precipi- 
tate ; with stannous chloride a yellowish-red precipitate. 

It is separated from Ftiatic by spontaneous deposition from 
tlic concentrated decoction. 

20. CAPPBTAinSIC ACID. Cafieotaniilo acid. Has in 
general the physical properties of the Tannic Acids, but is not 
incapable of ciystallization. It melts when heated, and then 
gives the odor of roasted coffee, and in dry distillation yields 
oxyphente acid as an oil which solidifies in the cold. 

With fixed alkalies in solution It turns yellow to reddish-yel- 
low, by oxidation ; with ammonia, forms a gi'een color, due to 
viridio acid, which, when neutralized, gives with acetate of lead a 
blue precipitate. Warmed with concentrated sulphuric acid, it 
dissolves with a blood-red color. Distilled with dilute BttlpbTlric 
acid and binoxide of manganese, it evolves quinone — a pungent 
and irritating vapor, condei^iug to a golden-yellow to dingy- 
yellow, crystallizable substance, heavier than water, in which it 
is but slightly soluble when cold. 

Caifetannic acid gives the green color witli ferric salts. It 
reduces nitrate of silver, in the specular form, when heated. It 
is distinguished from the larger number of Tannic Acids by not 
producing precipitates with tartrate of antimony and potassium 
or with gelatin, but it precipitates cinchonia and quinia (distinc- 
tion from Catechuic acid). It gives a yellow precipitate with 
barium salts. 

By gradual addition of acetate of lead, in decoction of coffee, 
it is precipitated next after (the very little) citric acid. Decom- 
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posing llio prcelpUato with hydros iiipliurio acid, and evaporating 
the filtrate, it is oLtaincd in impure, yellowish mass. 

21. BOHEIC ACID, C,H,„0„. Boheatannie Acid. Amor- 
phous, pale-jeliow solid, caking liy exposiu'c to the air, melting 
at 100° C. to a wajty maaa, voiy soluble in. water and alcohol. 
Both aqueous and alcoholio solutions gradually decompose by 
evaporation in the air. It colors ferric salts brown. With 
haryta, in alcoholic solution, it forms a yellow precipitate, 
BaC.HjOj . HjO. With acetate of lead, in alcoholic sohition, 
it forms a grayish-white precipitate, PbCjHjOj . H,0, which can 
bo washed with alcohol and dried at 100° C. 

It is separated from the queroitannio acid, in black tea, by 
precipitating the latter with acetate of lead in the boiling decoc- 
tion, filtering; after twenty -four hours filtering agaia, and neu- 
tralizing the clear solution with ammonia, when the yellow basic 
salt is precipitated, PbO.PbC,HjO,. The latter may be 
decomposed in alcohol by hydrosulphuric a«id, and the filtrate 
concentrated in vacuum or over oil of vitriol. 

22. QUINIC ACID. C,H„0,. Kinic acii.-^ldmdfied 
by its physical properties aud reactions (a) ; by its generation 
of quinono (i) ; by its reactions with a few metals (c). — 
Separated from cinchona bai'k, by crystallization fi-om a solution 
freed from quinovic a«id (d) ; from cinchona bark, coffee, or bil- 
berry, by precipitating its calcium salt from a sufficiently purifiett 
solution by adding alcohol (e) ; from substances forming insoluble 
compounds with neutral acetate of load by the solubility of its 
normal lead salt. — Determined gravimetrically as calcium 
salt (c). 

a. Colorless, monoolinic prisma or prismatic tablets, melting 
at 161° C. {322° F.), at higher temperatures evolving combus- 
tible gas, phenic acid, hydroquinone, etc. It is freely soluble in 
water, slightly soluble in alcohol, nearly insoluble in ether. Its 
solutions have a sour taste and redden litmus. It is deliquescent. 
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b. Distilled ivith moderately (iilute siilphuiic acid and 
binoxlde of mangauaso, it yields lui aliundant yellow crystalline, 
sublimate of quinone, recognized in very small quantities bj' its 
iiritating odor, exciting teara. Farther, aqueous solution, of 
tiuinone is colored brown by ammonia, and yellow-green by 
ihlorine wat^r ; it ataiaa the skin brown. 

c. Quinic acid decomposes carbonates. Its metaUio salts are 
soluble in water, except the basic qninate of lead, but are insolu- 
ble in alcohol. It prevents the precipitation of many metallic 
oxides by alkalies. Quinate of silver is white, and bears tlie 
heat of the water-bath. The quinate of calcium crystallizes 
well from water solution as Ca(C,H,,OJ, . 5H,0, which loses 
all its water of crystallization at 120= 0. (248° F.) Or, it may 
be precipitated from solution of alkaline quinates by adding 
Lliloj'ide of -calcium, ammonia, and alcohol. The basic quinate 
of lead ia precipitated by adding, to solution of alkaline qninatc, 
basic acetate of lead, or normal acetate of lead with ammonia. 
It is a ead. It 
is varii d 

d. d m g cinehojia 
hark t\ ( may ha^e 
been r di hi nd Jhen 
adding es ft rs fi tering) is 
treated p e quino- 
\ic and d porated 
tc. a sy ce th 

Ifi d Q itionof 

!icetat« d (as ) la P P pilation, 

and the precipitated qumo\ate of lead is decompo-cd, in water, 
by adding very dilute sulphuric acid, drop by drop, with great 
care, to avoid excess. The precipitate being removed, the filtrate 
is concentrated for crystallization of the quinovic acid. 

If the Quinotannio acid is to be obtained, the precipitation by 
acetate of lead is left incomplete, as directed next above, and the 
filtrate coneentrated as previously directed for quinic acid. 
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With the cryat-als of quinic a«id there will now jiiiiilly deposit 
amorphous or oily quiaotamiic acid. This may be separated by 
■washing with ether ; on evaporation of the ether the quinotaniiic 
acid is obtained. [Thesis of K. M, Cotton, Univ. of Mich., 1874.] 

e. After precipitating the alkaloids from decoction of oiii- 
chona bark with lime, according to the United States Pharma- 
copceial preparation of quiniee sulphas, the filtrate is concentrated 
to a small bulk, filtered if necessary, and then alcohol is added 
to precipitate quinate of calcium. Or, the filtrate is concentrated 
to a soft solid, washed repeatedly with alcohol, and dissolved in 
enough water to allow the quinate of calcium to crystallize. 

T'resh bilberry plant (vaocinium myrtillns), collected in 
May, is boiled with water and lime ; the solution is evaporated, 
and alcohol added to precipitate the qninate of calcium, which 
requires purification by recrystallization from water. 

Thoroughly dried or moderately roasted coffea bernis, coarsely 
powdered, arc exhausted by boiling with water ; the decoction, 
mixed with milk of lime, is concentrated, filtered, evaporated on 
a water-bath to a syrnp, and precipitated with alcohol as above. 

The quinat& of caloiv/m obtained from any of the abo\'e 
sources may be purified from tannic aoids and some coloring 
matters by adding solution of neutrii! acetate of lead to the 
aqueous solution of quinate of calcium, filtering out the lead 
precipitate, and rentoving the excess of lead from the filtrate by 
hydrosulphnrio acid, when the last filtrate may be concentrated 
to crystallize. Quinio acid may be obtained from quinate of 
calcium by precipitating the aqueous solution of the latter by 
basic acetate of lead, and removing the lead from the precipitate 
by hydrosulphuric acid. 

23. QUISfOVIC ACID. C,„H,^0,. Kinovio Acid. 
Quinovin or Kinovin. Quinova bitter or Kinova bitter. — An 
amorphous solid, having a very bitter taste, nearly insoluble in 
water, very soluble in alcohol, slightly soluble in ether, soluble 
m ohlorofnrm. (According to Db Vrii, chloroform dissolves- 
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from " qiiinova hitter " a portion ■which he designates as 
" quinovin," teaying " quinovic acid " insoluble in that meDstruimi 
and little soluble in alcohol.) Dry hydrochKfio acid gas, acting 
on a strong alcoholic solution of quinovic acid, transforms the 
latter into an acid and a sugar. The new acid has very nearly 
the same solubilities as the original acid, hut a different eompo- 
sition (C„H,jO,), and forms definite salts with metals, 

Quinovic acid forms a soluble calcium salt, and hence it is 
dissolved froin cinchona iarh hy boiling with milk of lime, 
I'rom the solution, sufficiently concentrated, hydrochloric acid 
separates the quinovic acid, insoluble in water. It may be 
purified by crystallization from alcohol, or by repeated precipita- 
tion from alcohol by water. For the sepai-ation of quinovic, 
quinic, and qumotamiic acids, each from the same portion of 
bark, see Quinic Acid, d. In the manufacture of cinchona alka- 
loids, the acidulation of the water by which the decoction is 
made interferes with the solution of quinovic acid, which may be 
at least partly left in the residue. 

24. COLUMBIO ACID. C.^H^jO,,. Colotobic acid. — An 
amorphous solid, precipitated in white flakes, left as a yellowish, 
varnish-like residue on evaporation of its solutions. It is soluble 
in alcohol, nearly insoluble in water or ether, its solution being 
mni-kedly acid. It is precipitated by neutral acetate of lead, as 
(■Pb0)5(C,jHj,O,j), when dried at 130° C. Acetate of copper 
docs not precipitate it. 

In columbo roof, columbio acid probably exists in combination 
with berberina and perhaps also with inorganic bases. It cati be 
separated by cxhaustii^g alcoholic extract of columbo with water 
or ]ime-water, and precipitating with hydrochloric acid. 

25. GEWTIABIC ACID. C„H,„0,. Gentisic acid. Gen- 
tianin. Gentisin. — Light-yellow, tasteless, solid, cryataUiHug in 
slender needles, not decomposed at 200° C, but carbonizing with 
partiiil sublimation at 300° to 400° C, It is soluble in 3<i parts 



ivatcr at ordii \f\ f f-mpei ature, reaJilj soluble in alcoliol, and 
moderately P m tlfi Its stlutions are neutral to litnius. It 
dissolves in ; j ici = tik lies 1,1 ith a golden yellow color. Strong 
sulphuric aei 1 li olvcs it yellow Nitiie acid, of specific gravity 
1.42, and coIjiIp^s dis ol^es it green on idding water, a green 
powder, diaitrogentiaiiic i«id is piecipitated This, on addition 
of alkalies, assumes a fine cheiry color Chlorine forma a yellow 
pi-ecipitate in alcoholn- aclutioa of gentiimc acid. The barium 
salt, Ba C^HjOj H,0, is an ot inge cclored precipitate. The 
lead salt is insoluble 

Gentianic a^id is separated liom gsntian root as follows ; 
The powdered lOOt is exhausted of gentian bitter by cold water ; 
then pressed dried and exhausted n itli strong alcohol, and the 
alcoholic solution eviporated nearlj to dryness. The residue is 
washc'd with a little ether to remove fet, and repeatedly crystallized 
from alcohol to separate from resin. 

26. OABMIinO ACID, C,H,„0,. Carmine. — A purple 
amorijhous solid, fusible but not decomposed at 13C° C, ; soluble 
in all proportions in water and alcohol, and in sulphuric and 
hydrochloric acids without alteration, the solutions having a 
Iji-ight purple-red color. Ether does- not dissolve it. — In alco- 
holic solution it precipitates alcoholic potassa red changing to 
dark violet, and forms red precipitates with neetates of lead, 
zinc, copper, and silver. It is turned blue by sulphate of alumi- 
num, and yellow by stannous chloride. — Carminie acid is a 
ghicoside, boiling dilute mineral acids transforming it into 
ca'rmine-re(^ and sugar. Carmine-red in masa is pnrple-red with 
a green reflection, sohiblo in water and in alcohol with red color, 
not soluble in ether. 

Carminie acid is separated from Cochineal by exhaustion 
with Ijoiling water ; the solution precipitated by adding slightly 
acidulated subacetate of lead shoil of excess, the precipitate 
washed with water till the washings give no precipitate with 
mercuric ■ chloride, then decomposed by hydrosnlphnric acid and 



liltorej. Tiio iiltrfito ia evaporated and aried on tiie wat(!]--i),itli, 
and tho residue extracted with alcohol. 

37. CHBTSOPHAHIO AOID. Chiysophane. Eheio 
Acid. — A pale yellow or orange -yellow solid, cryatalliziug in six- 
sided tables or moss-liko aggregates of scales, subliming with 
partial decomposition when heated. — Sparingly soluble m cold 
water, soluble in 1,125 parts of 86 per cent, alcohol at 30° C. 
(80° F.), or 224 parts of the ?ame alcohol boiling, soluble in 
ether, benzole, and turpentine oil, the solutions having a yellow 
color. — It dissolves in aijueous aUcaUea with a very deep purple 
color, recognized in very dilute solution ; the potassa solution 
upon evaporation deposits violet to blue flocks, which dissolve in 
water to a red solution. — it does not form stable salts. In alco- 
holic solution with alcoholic subacetate of lead it forms a reddish- 
whito precipitate, becoming rose-red when boiled with water. In 
ammoniacal solution it is precipitated lOac by neutral .acetate of 
lead, and rose-color by alum. — Sti-ong snlphui-ic acid dissolves it 
unchanged; strong nitric acid converte it into a red substance, 
containing chrysammic a«id (produced from Aloes by nitric acid). 

Chrysophanic acid is separated from Rhubarb) by e.-diausting 
the powdered root with alcoholic ammonia, precipitating with 
subacetate of lead and decomposing tho lead compound by 
hyilrosulphuric acid. From tho Wall Lichen {^Pavmelia 
parietina), the alkaline solution obtained as above is precipitated 
b\ acetic acid, tho precipitate washed with water, rcdissolved in^ 
alkali and reprecipitated by (hydrochloric) a<nd. From the 
Rumex, an ethereal extract ia obtained, and repeatedly dissolved 
in alcohol and precipitated by water. A method of purification 
i'5 to dissolve m boiling absolute alcohol and crystallize. 

28. GAMBOGIG ACTD. A resinous solid, hyacinth-red 
in mass, yellow in powder. Insoluble in water, soluble in 
alcohol, ether, chloroform, bisulphide of carbon — its solutions 
showing the yellow color when very dilute, and having a strong 
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atnii roaotioii. It dissolves in the aqueous alkalies, with red 
color, aud in solutions of fixed stlkaline carbonates with expulsion 
of the carbonic anhydride. From alkaline solutions it is preci- 
pitated yellow by acids. — The solution of gambogiate of ammo- 
nia forms ■with barium siJte a red precipitate ; with zinc salts, 
yellow; lead salts, reddish-yellow; silver salts, brownish-yellow; 
and copper salt«, brown precipitates. — It is bleached and decom- 
posed by chlorine, and decomposed with formation of nitropheiiie 
acid by nitric acid. It is dissolyed with red color by cold con- 
centrated Eulphurio acid ; addition of water precipitating it 



29. SAKTALIC ACJD. Santalin.— A fine r 
and odorless crystallizable solid, melting at 104° C. InaolublQ 
in water, very soluble in alcohol, soluble ui ether — the solutions 
having a blood-red color and acid reaction. SoluMe in aqueous 
potassa, or ammonia, forming violet solutions, which precipitate 
alkaline earths. — The alcoholic solution precipitates lead salts, 
but not salts of barium, silver, or copper. The lead and barium 
salts ai-e violet. 

Santalic acid is s^arated from Sandal-wood (red saunders) 
by obtaining, first, an ethereal extract, then from this an alcoholic 
extract, which is washed with water, dissolved again in alcohol, 
and precipitated therefrom by alcoholic solution of aeetate of 
lead. The lead compound is washed by alcohol, then decom- 
posed in alcohol with dilute sulphuric a«id. 
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30. BENZOIC ACID. HC,H^O,. IdrntiJUd by its phy- 
sical properties, especially in sublimation (a) ; by its oxidation 
to nitrobenzole (5), and its dcoxidation to bitter almond oil (e) ; 
by its reactions with metallic salts ((7). — Dietinffiiiahed from 
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Ciiiiiamie acid by the action of permanganate upon the latter 
(see 31, 5); from Hippuric acid by distillation with potassa; 
from Salicylic acid by the color of its ferric salt (d).-— ^Separated 
from non-volatile aad highly volatile substances by sublimation 
(a) ; from Succinic and many other acids by the alcohol solubility 
of its barium salt (d) ; froto Succinic and Hippuric acids by its 
solubility and extraction from water solutions by chloi'oform or 
ether (c).-=-Gravimetrieally determined as lead salt [e). 

a. A whit« solid, crystallizing in lustrous scales or friable 
needles ; odorless when pure, but frequently found having odor 
of benzoin, and rarely a urinous odor, of an acid and warm taste, 
and a strongly acid reaction. It Is soluble in 200 parts of water 
at 15° C. (59° F.), in 20 parts of boiling water, in 3 pai-ts of 
cold alcohol, in 25 parts of ether, in 7 parte of chloroform, and 
readily soluble in bisulphide of carbon, benzole, 
naphtha, and in fixed and volatde oils. Most of the 1 
are soluble in water, and many of them are soluble in alcohol. 

HydlOcUorio a,oid precipitates benzoic acid from solutions 
of benzoates, excess of the reagent not affecting the water solu- 
bility of benzoic acid as already given. Sulphuric acid dissolves 
benzoic acid. Benzoic acid decomposes carbonates. 

Benzoic acid melts at 121° C. (250° F.), and sublimes at 
240° to 250° C. (464° to 482° F.) The vapors cause a sense of 
irritation in the throat and coughing. When slowly condensed, 
the sublimate is crystalline in minute needles. Benzoates heated 
with phosphoric acid evolve benzoic acid. — When mixed with 
3 parts slaked lime and heated gradually in a retort, benzole 
(119) is distilled. 

h. if benzoic acid is boiled with concentrated nitric acid, the 
mixture evaporated to a small bulk, and then strongly heated in 
a test-tube, nitrobmzole (120) is evolved, and will be recognized 
by its odor of bitter almond oil. 

c. When benzoic acid, dissolved or suspended in water, is 
warmed with a slip of metallic magneBium, and very slightly 
acidulated with sulphuric add, so that hydrogen is evolved. 
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bitter almond oil (benzoyl hydride, C,H,OH) is produced, aiid 
reeognized by its odor. 

d. Basic ferric chloride solution preeipitates benzoatcs almost 
completely, as a fiesb-colored basic benzoate (ferric Salicylate is 
blue violet). — Acetate of lead and nitrate of silver give precipi- 
tates in solutions not too dilute. — Ammoniacal chloride of 
barium with alcohol gives no precipitate (distinction and separa- 
tion from Succinic and many other acids). Hagaesiuin benzoate 
is also soluble in alcohol (Succinate insoluble in alcohol). 

Quantltatire. — e. Benzoate of lead, precipitated from neutral 
bonzoato by aeatatc of lead, washed with coH water or alcohol 
.acidulated -witli oiie-hiilf per cent, of acetic acid, and dried at 
100° C, may be weighed for determination of benzoic acid: 
Pb(0,H,OJ,, : 2SaHp„ : : 1 : 0,54343. 

31. CmiSAMIG ACW. HC,3E[,0,. Character- izad by its 
physical properties and reactions in the dry way (a) ; its reac- 
tions with oxidizing agents (i) ; its reactions with metallic 
salts (c). — DistinguisJied from benzoic acid by action with 
o."vidizing agents (5), by the color of its ferric salt and by its 
precipitate with manganous salts (c). — .iSfeparoiei? from non-vola- 
tile substances hy sublimation (a) ; from substances soluble in 
water and in dilute acid by precipitation of ciunamates by acids 
(a) ; from substances insoluble in ether by the action of that 
solvent ; from benzoic acid by manganous prcdpitation (e). 

a- A colorless solid, crystallizing (from vapor or solution) in 
monoclinie prisms or lamiufc, melting at 129° C. (204° F.), 
vaporizing at about 300° C. (5T2° 1?.) It is very sparingly 
soluble in cold, moderately soluble in boiling water, freely 
soluble in alcohol and in ether. The oinnamates of the alkali 
metals are soluble in water, thosO of the ollialine earthy metals 
sparingly soluble, the other, ciunamates mostly insoluble, the 
silver salt neai'ly insoluble. 

It is precipitated by water from its alcoholic solutions, and by 
hydrochloric acid from water sohitions of its salts of nlltali metals. 
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When slowly distilled, cinnamic aciii evolv< 
having a persistent aromatic odor resembling that of benzole and 
naphthalene together. Cinoamatea subjected to dry distillation 
emit the odor of bitter almond oil, 

h. A saturated hot-water solution, acidulated with eulphurie 
acid, is treated with a few cubio centimetres, of a one per cent, 
solution of permanganate of potassium and warmed a few 
minutes. If ciimamic acid is present, the odor of bitter almond 
oil becomes apparent. — Nitrio Mid with gentle heat, peroxide 
of lead in boiling solution, chromate and snlphnric add with 
heat, evolve bitter almond oil (hydride of lienzoyl) from cinna- 
mic acid — in most cases with simultaneous production of benzoic 
acid. — Cinna^natea with strong nitrio acid give off odor of 
cinnamon oil and bitter almond oil. 

c. Ferric salts with cinnamates give a yellow precipitate; 
nianganons salts with excess of cinnaniates give a white precipi- 
tate (none with benzoates) ; copper salts, a greenish-blue precipi- 
tate ; acetate of lead, a^recipitate not soluble in water, Pb 
(C,H,Oj)j, from which alcohol washes out a part of the cinnamic 
acid ; nitrate of silver, a stable white precipitate, AgC,H,0„, 
insoluble in boiling water ; baric and calcic salts, precipitates, 
easily soluble in hot water. 

32. SUCCINIC ACID. H,C,H,0,. Charactm-ized and 
idoiitificd by its physical properties (a) ; its resistance to oxida- 
tion (5) ; its reactions with iron, manganese, lead, barium, 
calcium, etc. (c).. — Distinguished from cinnamic acid by the 
color of its iron salt and by not precipitating manganous salts 
(31,^). — S^aratcd iroui non-volatile materials by sublimation 
(«} ; fi-om benzoic add by insolubility of its barium salt in 
alcohol (30, d), and by its insolubility in chloroform or ether ; 
from cinnamic acid by the solubility of manganous succinate 
(30, c). — Determined by extraction with ammonia from the 
ferric succinate (rf). 

a. Crystaliimi in the monoclinic system, generally rhombic 
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or hexagonal plates. At 130'' C. (266° i'.) it bcgiua to emit 
suffocating vapors, at 130° C. (S56° F.) it melts, and at 235° C. 
(455° F.) it sublimes as succinic anhydride (C,H,Oj), which 
melts at 120° C. (248° F.) The succinic acid of commerce has 
usually more or less of yellow to brown color, and of the cmpy. 
reumatic and slightly aromatic odor of oil of amber ; when 
pure it is white, and at oi'dinary temperatures odorless. Suo- 
cinic acid is soluble in about 13 parts of water at ordinary tem- 
peratures, in 2J parts of hot water, in 30 parts of cold or 20 
parts of boiling alcohol, spai-iiigly soluble in ether, not soluble 
in tUoroform or benzole. — Succinic anJiydruU is more soluble 
ill alcohol, but less soluble in water than the acid. — The stecci- 
inttcs of the alkali-metals and magnesium are soluble in water;, 
of the alkaline earth-metals, and of most other metals in diatomic 
salts, sparingly soluble; ferric succinate, insoluble. 

b. Nitric acid, chromic acid, and chlorine are m ithout action 
upon suecinio acid. Cold permanganate solution dues not affeft 
fiee succinic acid, but with free alkali oxalic acid is formed with 
deiiosition of binoxide of manganese. 

i: Ferric chloride, better if slightly basic, precipitates from 
solutions of succinates a brownish-red bulky precipitate of basic 
ferric succinate. — Hai^anOUS salts do not precipitate succinates. 
■ — Acetate of lead and nitrate of silver, ea«h, give ii hite precipi- 
tates of norma! succinates slightly soluble in water. — Ammoniacal 
ihloride of barium with alcohol produces a white precipitate 
even in dilute solutions. 

Q.uantltEiti've. — d. The ferric succinate is precipitated from 
dilute solution of succinate by addition of ferric chloride, then 
acetate of sodium in excess, and then sufficient ammonia to 
nearly or quite neutralize the mixture. After boiling one-fourth 
of an hour, the precipitate is filtered out and washed, then boiled 
with excess of a five per cent, solution of ammonia and filtered 
and -ivashed with ammoniacal water. The filtrate is evaporated 
on the water-bath until it ceases to lose weight, and weighed 9s 
ITH^HCjH,0,. Or, for greater exactness, rtiis salt while in 
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solution is treated with a weighed, qwatitity of recently calcined 
magnesia, and the mixture evaporated and dried at 150° C. 
{302" F.) The increase of weight represents the succinic 
anhydride. 

33. SALICYLIC ACID. C,H„0,. (In most salts of this 
acid one atom of hydrogen, in a few salts two atoms, arc replaced 
by metals.) — O'ystalline, in monoclinio fonr-aided prisms or slen- 
der needles. Melts at 125° to 150= C: (257" to 303° F.) and 
sublimes at about 200° C. (392" F.) Its vapor causes in-itation 
in the throat : it has a sweetish-sour taste. It has a decided acid 
reaction upon test-papers. — It is slightly soluble in cold, moder- 
ately soluble in hot water, freely soluble in'alcohoi and in other. 
— The salicylates of the alkali metals are insoluhlo in water ; 
those of the alSialine earth metals sparingly soluble (that of cal- 
cium least) ; many of tliose of other metals not. soluble. The 
dimetallio saltg are less soluble than the monometallic. — With 
ferric salts, salicylic acid foi'me a deep violet color. 

Distilled or heated with methylie alcohol and coucenti-ated 
sulphtirio acid, salicylate of methyl is evolved, having the odor 
of wintcrgrcen oil. L' ''i "■]''0'--; 

34. 'VEBATEIC ACID, C,H,„0,. Crystallizes in slender 
spceulte or four-sided prisms, which eiHoresce at 100° C. and melt 
at a liigher temperature, then subliming without decomposition. 
It is sparingly soluble in cold, freely in hot water, soluble in 
alcohol, insoluble in ether — the solutions having a slight acid 
reaction. The alkaline veratrates are soluhle in water and erys- 
tallizable ; 'the lead and silver salts insoluble. It dissolves in 
concentrated nitric acid, and when this solution, is diluted it 
deposits nitroveratric acid, solubk in alcohol, from which it crys- 
tallizes in yellow laminas. 

Veratrio acid is si^araied fr&m sebadiUa seeds (veratrum 
sabadilla) as follows ; They are exhausted with alcohol acidulated 
wXth sulphuric a^lcl, the solution is precipitated with milk of lime 
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and filtered, the filtrate — containing veratrato of caloium — is con- 
centrated, treated with hydrochloric acid, and loft in a cold place 
to crystallize. The crystals may be purified by dissolving in 
alcohol, and filtei-ing through animal charcoal. 

85. PHEHTC ACID. HC,Hp. Purified Carbolic a«id. 
Plienol. Phenyiic alcohol. Coal-tar creosote. — G/iaracte^-ised 
and ideiiXAfied by its physical properties (a) ; by its reactions 
witii nitric acid (5), with ferric salts (c), with bromine {d) and 
chlorine (e), as a reducing agent (/), and with sulphuric acid 
((/). — Distinguished from Creosote by reacting with ferric salt 
in more dihite solution (c), by gelatinizing collodion, by greater 
solubility in ordinary glycerin, ia bisulphide of carbon, and in 
ammonia water, and by crystallizing when pure (a). — Separated 
from Cresylic acid and other constituents of crude carbolic acid 
or from Fats by its greater solubility in water (A) ; from solu- 
tion (in a greater quantity of) water by saturation with common 
salt [{) ; from admixture with (a smaller quantity of) water or 
with other substances by treatment with chloroform or bisulphide 
of cai'bon (J) ; from Creosote, in part, by solution in water (A) ; 
from soaps by successive treatment with acid, water, and chloro- 
form (k) ; from fixed and volatile oils by hot water. 

a. Phenic acid is a colorless-white solid, crystallizing in long 
needles of the trimetric system, melting at 34° to 41° C. (93° to 
106° r.), and distUling at 183° to 186° C. (350" to 367° F.) It 
has a strong and persistent odor, resembling creosote but some- 
what aromatic, a biting taste, and (when concentrated) a bleach- 
ing and shrivelling effect on the skin. It docs not redden litmus. 
— It is soluble in 20 parts of water at ordinaiy temperatures, and 
dissolves two or three per cent, of water, being thereby liquefied 
— hence is deliquescent in the air. It is soluble in all proportions 
of alcohol, ether, chloroform, bisulphide of carbon, and glycerin 
(absolute or ordinary) ; in 20 parts of benzole ; readily soluble 
in fised oils and many volatile oils, and in aqueous solutions of 
potiiss;i !uid soda. — The lasl-uamccl mixturdfcor compounds, 
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aomefclnies termed plieiiates, are not of definite propoi-tions, but 
are crystallizable, and are soluble in alcohol and ether. Phenio 
acid does not decompose carbonates, but mixes witli aciueous 
allialine carbonatea.^U coagulates albumen and gelatin and 
collodion (ether-solution of gun-cotton). 

5. To a few drops (or a small fragment) of the material to 
bo tested add a drop or two of concentrated nitric acid. Then 
add a slight excess of potassa, and if color has appeared dilute 
with water. The yellow color of nitrophenic acid (36, a) is 
apparent in 10,000 parts of water ; of the potassic nitrophenate 
in 50,000 parts of water ; the colmnn having the depth of half 
an inch.* The nitrophenic acid may bo extracted from water by 
benzole or ether. 

c. Very dilute solution of ferric chloride gives a blue color 
with aqueous solution of phenic acid — the color being permanent 
(distinction from that of Moi'phia), but destroyed by boiling 
(distinction from that of Tannic acid). Oxalic acid destroys the 
color, and many organic substances prevent its foi-mation ; it ia 
not extracted by benzole or chloroform. 

In this test, the result is distinguished from a similar one with 
Creosote by the following precautions (Fluckiger) : 1st, take 
1 part of solution of fen-ic chloride of specific gravity 1,34, 
and 9 parts of the liquid to be tested (with pure carbolic acid 
the mixture has a yellowish hue ; with pure creosote, no color), 
2d, add 5 parts of 85 per cent, alcohol (with pure carbolic acid, 
a clear brciTH _liquid; with pure creosote, a green solution). 
3d, add 60 parts of water ; with pure creosote, the result is a 
dingy brownish color ; if phenic acid is present, a fine blue color 
appears. 

d. Bromuie water gives a yellowish-white precipitate in even 
very dilute solutions of phenic acid (the same with Creosote). 

e. Chlorine gas (from chlorate of potassium and hydrochloric 
acid) forma a deep yellow color — chloride of phenyl. 

* Prbbcoti ; ProceedingB Am. Fhar. Asso,, xix„ 550, nmd Cheui. Newa, 
ssvi.,l!60. 
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f. Alkaline cuprie solution is not reduced by (purti) pheuio 
acid (is reduced by ci'ude "carbolic a«id"). Mereuiy and silver 
salts are only slowly reduced by boiling with phenic a«id (aro 
reduced by impure). 

Peruatlganate solution is reduced by pure phenic acid, in 
solutions acid or alkaline, with separation of binoxidc of 
manganese. 

g. With sulphuric acid — equal parts of the concentrated 
acids at 290° C. for a quaiter of an ]iour fui-nishing the best 
result — Sulphophenic acid is foi-med (37). 

Quantitative. — h. Cresylic acid and other admixtures (as 
fats) nearly or quite insoluble in water may be approximately 
separated and determined by solution with 20 parts of water. 
In a cylindrical graduate of ^ litre (or larger) capacity, place 
10 c.c. of the carbolic acid or mixture under examination, add 
200 0.0. of water, agitate, and set aside. Read fi-om the bottom 
the number of c.c. of impurities, 

i. Phenie acid may be approximately separated from loater 
solution by adding chloride of sodinm as long as the lattei- dis- 
solves. If the operation lie performed in a cylindrical graduate, 
as above, the layer of phonic acid is read from the top. 

_/, Phenic acid may be approximately deprived of water and 
the amount of the latter ascertained by mixture with cMorofbrm 
or bianlphide of carbon. In a gi'aduate of a little more than 
20 c.c. capacity (a test-glass or test-tube may bo gi-aduated for 
the purpose), place 10 c.c. of the phonic acid under examination 
and add 10 c.c. of the chloroform or bisulphide of carbon, agi- 
tate, stopper, and set aside a few hours. Road off from the top 
the amount of water separated. — Phenic acid may te separated 
from various mixtures in the same manner; for this purpose the 
mixture should be made neutral to test-paper, if not so already. 
The chloroform or bisulphide of carbon may he removed by 
evaporation in a warm place. 

k. In separation of phenic acid from soaps, the latter is 
decomposed bv rligestiun with dilute sulpliurio acid and hot 
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■water ; wlien cold, the fat acid is separated, by use of a wet filter 
if necessary, aad washed with water j and the water solution and 
washings exhausted with chloroform. The chloroform may be 
distilled from tlie phonic acid, ajid if necessary the distillation 
repeated. 

36. HlTHOKSEinC ACID. HC,H,{NO,),0. (Trinitro- 
phenic acid.) Ti-initrophenol. Carbiusotic acid. Picric acid. — 
Sihniijied by its physical properties, especially its intense color- 
ing effects (a) ;' its precipitation of alkaloids (b) ; its reactions 
with special reagents (c). — Separated frona water solutions by 
extraction with ohloroforni, etc. (a) ; by crystallization as a 
potassium salt (d). — Determined as salt of funchonia (e). 

a. In bright yellow crystalline scales or in octahedrons of the 
trimetrio system. It melts when slowly heated and afterward 
sublimes ; when q^uiokly heated it explodes. It has a very bitter 
and somewhat acrid and sour taste, and when heated a suffocating 
odor and effect. It reddens litmus. 

It ia soluUe in 100 parts of water at 15° C. {59= F.) and in 
35 parts at 80° C. (176° F.), less soluble in water acidulated 
witli mineral acids, and freely soluble in alcohol, ether, chloro- 
form, lienzole, petroleum naphtha, and amylie alcohol. These 
solvents, which are Kot misciWe with water, remove nitrophenio 
acid from water by aid of acidulation with sulphuric acid. The 
solutions have a yellow color, perceptible when very dilute ; 
except solutions in benzole, petroleum naphtha, and dilute sul- 
phuric acid, which are colorless. 

The colorless as well as colored solutions stain white paper, 
and more permanently stain the skin and fabrics of nitrogenous 
composition. 

The normal metallic picrates are nil soluble in water, that 
of potassium being one of the least soluMe, and requiring 260 
parts of cold or 14 parts of boiling water for solution. This salt 
is insoluble in alcohol. — Many of the picrates explode more 
violently iliau the free acid, and oxidiiiable agents in intimate 
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ont t f 1 tate xplosion, wliioli may occur by trituration or 
P 

5 liit 11 f alts of roost of the alkaloids precipitate uiti-o- 
pi n a d ts soluble salts — the cinchona alkaloids, the opium 
alkal d X pt morphia and pseudomorpliia, the stryohcos 
alk 1 d ati a berberina, colohieia, and delphinia, oeing fuily 
p p t t d ir a solution even when dilute and well acidulated 
w th dph n a d. Morphia is precipitated from moderately 
conce t at I It oia having little or no free aeid. The preci- 
pt t a > 11 ■«, and are dissolved by hydrochloric acid- 
Compare 135, e. 

e. With ammoniacal oupric sulphate solution, niti-ophenie 
acid foi-ms a green precipitate. — Potassic cyanide, or potassie 
sulphide, or grape siigar, with nitrophenio acid and excess of 
potassa, in hot solution, gives a blood-red solution (yellow when 
greatly diluted) from formation of isopurpii/rate of potassium 
(the crysiala of which are greea by reflected light) . — If fen-ons 
sulphate is boiled in solution with nitropheaic acid, treated with 
excess of ammonia and filtered, the filtrate concentrated and 
acidulated with acetic acid, bright-red crystals of pioramtc 
acid are formed. Stannous chloride and several other 
reducing agents may be substituted for the ferrous salt. 
Picramio acid is nearly insoluble in water, but soluble in 
alcohol or ether, 

d. The graded solubility of potassic nitrophenate in hot and 
cold water and in alcohol (o) enables this salt to be almost per- 
fectly removed from solution, in beautiful crystals, by gradual 
cooling of the hot water solution, with gradual addition of alco- 
hol after cryatailization has ceased in the cold water. 

Quantitative. — e. Nitrophenic acid or a soluble salt of this 
acid is precipitated by a solution of sulphate of cinchonin acidu- 
lated with sulphuric aoid, the precipitate is washed with water, 
dried at a very gentle warmth, then heated (and melted) on the 
water-bath and weighed. Cj.H^M", (C,H,[M'Oj30), : 3HC,H, 
(W0,),0 : : 1 1 0.ei23. 
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87. StTLPHOPHEiriC ACID. HC;H,S0,. Phenyl sul- 
phuric acid Sulphopheiiylic acid. Sulpho carbolic acid. — Only 
pii-ieneil in its salts, which are stable and ciystallizable com- 
pounds, decomposed by nitric acid with the ibraiation of iiitro- 
phenic acids (35, b), and very gradually decomposed by boiling 
ni solution with formation of sulphates and phenic acid.* Free 
bulphophemc acid evolves phenic acid when heated to the boiling 
point of the latter, — The sulphophenates are all soluble in water, 
and mostij soluble in alcohol. 
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38. lACTIC ACID. HC,H,0,. Characterized by its 
physical properties {ct) ; by the solubility and crystalline form 
of its salts (5); by the extent of its reducing power (c). — 
Separated from many acids by the solubility of its lead salt in 
water, alcohol, and ether (d) ; from glycerin, sugar, etc., by the 
insolubility of its zinc salt in alcohol (_/") ; from, tissues, etc., as 
below (e). — Determined by saturation with altali (^) ; by weight 
of zino or magnesium salt (A), 

a. Absolute lactic acid is a colorless, odorless, syrupy liquid, 
of a very acid taste. Pure, it has the spec. grav. 1.248 ; when 
75 per cent., the spec. grav. 1.213. Not volatils without decom- 
position ; not decomposed by heat below 130" C ; at 145° C. 
vaporizes dilactje aeid, at higher temperature loetide, both of 
which are converted to lactates by the alkalies — 'Soluble in all 
proportions of water, alcohol, and ether; ali^^ly soluble in 
chloroform. (Glyceric aeid, C^H^O^, which utaBembles la«tio 
acid, is insoluble in ether.) Concentrated sulpam-ic aeid mixes 
with. lactic acid without blackening it. Heated ok platinum foil, 
it leaves a slight carbon residue which burns wholly aw.ty. 

* Prbscott : Chem. News, sxvi., 269. 
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h> The metallic lactates arc all ^oluhle in water; being 
mostly sparingly soluble in cold, fieely in boiling water. GaU 
cium lactate is soluble in 9-^ paits (sa.rix>lattat6 in 13^ parts) of 
cold water, soluble in alcohol, not in ether BamDJl lactate is 
soluble in water and alcohol, insoluble in ethei Zi>ic lactate is 
soluble in 58 parts of cold, 6 paits of boiling watei ; insoluble 
in alcohol (sarcolactate in pai ts cold n ater and m 2 3 parts cold 
alcohol). Silver lactate is soluble in water and in hot alcohol, 
Zead lactate is freely soluble in water, spaiingly soluble in cold, 
readily in hot alcohol, slightly soluble in ether, (Glycerato of 
lead is hut slightly soluble in cold water.) 

Calcium lactate (saturated with base) crystallizes in small 
white mammillated tufts, seen under the microscope to consist 
of delicate needles, some of which i-esemhlo a bundle of bristles 
bound midway between the ends. The acid lactate of calcium 
(supersaturated with acid) forms white hemispheres, compactly 
made of radiate needles, trimctrio. Zinc lactate crystallizes 
from concentrated solutions in shining crusts, irom dilute solu- 
tions in four-sidod prismatic needles ; the iCi-ystals, Zin.{C^fi^^. 
3HjO, lose their water rapidly at 100" C, and the salt decom- 
poses above 310° C. (Zinc Sarcolactate crystallizes in slender 
noedios, Zn(C,HjO,)j.3HjO, losing theii-- crystal water very 
slowly it 100° and giving off empyreumatie Vapor»! below 150°.) 
Miei lactate trystalhzes fiom neutial solutions in slender 
1 edles giouped in nodules quickly blackening In fh light. 

C Lactic acil does not i educe the alkaline sulution of sul- 
j.hate of copper hut quicklj reduces j jtassium permanganate 
from It 1 oi all alino solutions 

(7 Liotic acil may bt, separated fiom "io ds which form 
nsoluble lead salts (and othei insoluble bodies) accoiding to the 
general method gnen at 40 g either m alcoholic or aqueous 
lution In a similai manner it is removed from insoluble 
banam salts as srluble barium lactate after saturation with 
aloiite ot birium The baiium is then removed from the 
fit ate 1 pie 1 tttio \ th sil[hirc ac \ ind fiIt"ation, and 
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the sulphuric acid is removed from the lactic aeid in tlie last 
filtrate by repeatedly adding a mixture of 1 part of aleoliol and 
5 parts of ether and evaporating. 

e. Also, the fluid obtained by digestion and expression of 
tissues may be treated with sulphurio acid to fix albuminous 
matters, filtered, treated with alcohol and five times its weight 
of ether and again evaporated, filtering when necessary, tUl the 
sulphuric acid is rem.oved. 

/. A (weighed) quantity of the material containing lactic acid, 
mixed with substances soluble in alcohol, is saturated in aqueous 
solution with oxide of zinc, the mixture evaporated to dryness, 
the residue digested in alcohol and filtered. The filtrate will 
contain the substances soluble in alcohol ; the residue will contain 
zinc lactate, soluble in water. 

Quantitative. — g- In the acidimdry of laetic acid, one- 
tenth equivalent, 9.000 being taken, tlio required number of 
cubic centimeters of normal solution of alkaJi equals the number 
per cent, of HC^H^Oj. 

]i. Saturating with oxide of zinc or oxide of magnesium, 
filtering and washing M'ith water, crystallizing or evaporating, 
and. drying at 100° C. ; 

Mg(C,H^Oj, : 2H0,H,0, ;,: 1 : 0.8911. 
Zn(C,H,0 j, : 2HC,H^0, : : 1 : 0.7402. 
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39. FOHMIO ACID. HCHO,. IiUntified by its odor (a) ; 
by its reducing power upon salts of the noble metals, permanga- 
nates, chromates, etc. — the radical CHOj being oxidized to H,0 
and CO, — (5) ; by the color of its ferric salt in solution (c) ; by 
ihf odor of its ethyl salt (d"). — Sc-jtarated from substances less 
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volatile b-v distilhtioii (/) , from organic acids in general by the 
Bclubilitj of its lead salt m water [g) ; from acetic acid by tlie 
inaolubilitj ot its lead salt and its magnesium salt ia alcohol 
(A) — Deteimined by acidmietiy (J), or by oxidation to carbonic 
anhydride fi) 

a The o^or ol formii' wid is pungent, irritating, charaoter- 
Htie, slightly acetous ind ci an intensity varying gi-eatly with 
th st length and temperature ol its solutions. In contact with 
the skin, it cauies intense nutation 

b Nitiate of Silver in concentrated solution gives, with 
solutions ot tcrmates, the white cijstalline precipitate of foi-mato 
of aiher, not iormed with free formic acid. The precipitate 
darkens upon standing a shoit time, and when warmed it is 
qiticUj J educed to metallic iihei In case the formic aaid is 
free, or the formate in dilute solution, so that formate of silver is 
not precipitated, the reduction of metallic silver occurs slowly in 
warm solution. An excess of ammonia retards or prevents the 
reduction. Heicniic oMoride in hot solution is gradually 
reduced by formic acid, more readily by formates, a white preci- 
pitate of mercwoua chloride forming first, then a dark gray 
precipitate of metallic mercury. Alkaline chlorides and acetic 
acid retard or prevent the reduction. Solution of potsusio per- 
manganate is slowly decolorized at ordinary temperatures, and 
warm solution of chromic acid is gradually turned gi-een, by 
sufficient formic acid or formates. 

Chlorine and bromine oxidize formic acid to carbonic .anhy- 
dride and hydracid. Nitric acid also decomposes it, likewise 
peroxide of mercury in boiling solution (removal from acetic 
acid, see i). 

c. Ferric chloride solution with formates produce a red solu- 
tion o{ ferno format''. 

d- With alcohol and aulpliurie acid, at a gentle heat, formic 
acid becomes formate of ethyl, C^H^CHOj, an ether hiving a 
strong, agreeable odor, like that of peach-kernels, and distilling 
at about 55° C. 
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e. fetfoiig sulphuno acid, at a gentl heat, decimpo&cs 
HCHO, into H,0 and CO Stiung alkalies it i gentle heat 
convert foimiL acid mto ooalate'' at a h gher heat carioiiahs 
are foi-med with liberatiun jf caibomc oxide 

/. Absolute formic aoid distils at 100° , the aqueous solu 
tlon, T7 5 per cent of acid, at ordinary itmosphenc pie^uit, 
boils at 107 1° and mixtures containing laiger ui smallei pro 
portions of water aie reduced to this pei i,eRt ot acid and boil 
ing-point by lepeated distillations Agljceimbath inaj be 
used. rormiG and acetic acid^ are not easilj separated bi fiac 
tional distillation Dilute sulphuric aeid is employed for the 
production ot tormic aoid from formates, 

g. The foimates aie all soluble in water. Plumbic formate 
requires 40 part-, of colJ water or a smaller proportion of hot 
water for solution Argentic formate is sparingly soluble in cold 
water, decomposed bj hot water (5). Mercurous formate is the 
least soluble salt of this acid, requiring about 500 parts of cold 
water for solution. It is much more soluble by hot water, in 
which it decomposes. — In alcohol, the formates of lead, magne- 
sium, calcium, and barium are insoluble, the alkaline formates 
soluble. 

Formic acid is sepcvated from far the larger number of 
organic acids by precipitation of the latter as lead salts. With 
free acids, the method given for acetic acid (40, g) may he 
employed, avoiding the use of heat in any part of the operation. 

A. Pormio acid is separated froiti Acetic acid by saturating 
with magnesia, or with lead oxide or carbonate, adding much 
alcohol, filtering and washing with alcohol. In the preparation 
of formic acid, acetic acid is approximately separated by the 
crystallization of plumbic formate from water solution contain- 
ing also plumbic acetate. 

i, Formic aeid is removed from acetic acids, or from other 
acids not very easily oxidized, by hot digestion with mercuric 
oxide, until effervescence ceases, HgO and HCHO, form H,0 
and COj and Hg, The filtrate will contain mercuric acetate if 
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aretic ackl Were present ; iii fact, the presencG of mercury in the 
filtrate indicates some other acid besides formic. Acids forming 
insoluble mercury salts may be obtained from the residue, by 
treatment with hydrosuiphuric acid, filtration, and dissipation of 
the excess of hydrosuiphuric acid in the last filtrate. 

Quantitative.— y. Free formio acid may be determined by 
the ordinary methods of aeidimetry. See 40, i,j. Or the acid 
may be saturated with pure carbonate of barium, and the 
formate of barium precipitated as a sulphate— BaSO^ : 
2H0HO, : : 1 r 0.395. 

h. Foi-mic acid is iLuantitatively separated from acetic acid 
by precipitation with alcoholic solution of plumbic acetate, 
washing the precipitate with alcohol. The formate of lead may 
be determined, after oxidation \vith chrom&te and an acid, as 
carbonic anhydride. The lead formate, with solution of bichro- 
mate of potassium, is placed in an apparatus for determination 
of carbonic anhydride (from carbonates whose bases form 
insoluble sulphates), and decomposed by nitric acid, gradually, 
as the dry gas escapes, m the usual manner. CO, : HCHO^ : : 
1 : 0.956, Or, the carbonic anhydride may be received in an 
ammoniacal solution of chloride of barium. BaCOj : HCHOj 
: L 1 : 0.233. 

40. ACETIC ACID. HC,H,0,. Idmtijkd \ys its odor (a), 
by the odor of its ethyl salt (6), by the odor arising from the igni- 
tion of its salts alone (e) or with arsenious acid {ft), by the color 
of its fen-ic salt in solution (e), by the free solubility of its lead 
salt and the sparing solubility of its silver salt (/"). — Separated 
from less volatile or more volatile substances, by distillation (A) ; 
from the larger number of acids, by tlie solubility of its lead salt 
(g). — I>etemiined as free acid, or in salts of insoluble bases, by 
its saturating power {i, J). 

a. Aqueous acetic aflid evolves the orfor of vinegar, which is 
pungent in 'proportion to the strength and temperature of the 
solution. Acetates impart the same odor in a very slight degree. 
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d. The acciale of e(/ii/l, C^H^ C^H^j, is obtained by warming 
acetic acid or its salts with snlpliiiric acid and a small propor- 
tion of alcohol. It is recognized by its pungent and fragrant odor, 
ethereal, refreshing, and obscurely acetous. It distila at 74°, and 
may be cleared from acids and fi-om water by contact with dry 
carbonate of potassium. It is neutral to test-paper, and is solu- 
ble in about ten parts of water. 

c. When ignited in a tube closed at one end, most of the 
metallic acetates evolve acetone, CjH,0, a vapor of an agreeable 
odor, readily burning with a white fiame, Liquid acetone 
boils at 50°. 

d. If acetates arc heated with fixed alkali and araenious acid, 
the ofFensive odor of cacodyl is observed, ASj(C3Hj)5 H^O. 

e. Solutions of ferrio salts, with solutions of acetates (not 
with hydric acetate), fuim i dirk red solution oi fei-rie aceiaie, 
I'ej{C,H,0,)j, decolonzed hy strong sulphuric or hydrochloric 
acid (distinction from Meconati,), not decolorized by solution of 
mercuric chloride (djstmction fiom "^ulphoeyanate), precipitated 
as basic acetate by boiling 

f. The metallic acetates aio soluble in water, argentic and 
mereurona acetates being sparmglj soluble and fonning as crys- 
talline precipitates from concentrated solutions. Argentic acetate 
forms white, fine, scaly crystals, soluble in one hundred parts of 
cold water and in a smaller proportion of hot water. Mercurous 
acetate forms scaly crystals, sparingly soluble in water, more 
soluble in dilute acetic acid. The normal and basic acetates of 
lead are freely soluble in w-ater. In alcohol, mercurous and 
argentic acetates are nearly insoluble, mercuric acetate is 
slowly decomposed, normal lead acetate freely soluble, basic 
lead acetates sparingly soluble, the other metallic acetates 
soluble. Zine acetate crystallizes in hexagonal plates, very 
soluble in water. 

g. The solubility of its lead salt enables (free) acetic acid to 
be separated from organic acids in general (not lactic, formic, 
butyric, valeric) — in qualit-ative or quantitative work— as follows : 
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Digest the aclda iu a closed flask at a gentla hoat with EuSoient 
osMe of lead, until the mixture is just alkaline to litmus ; filter 
and wasli. For complete Beparation from tartaric acid, or other 
acid liftving its lead salt appreciably soluble in water but Insoluhle 
in alcohol, the solutiou should be alcoholic and the washing wholly 
by alcohol, avoiding the use of much excess of oiide of lead. 

Residue (A) ; plumbic salts of organic acids (excess of oiide of lead). 

Filti'ate |b] • plumbic acetate flDasic and not freely soluble la alcohol]. 

Treat filtrate B, in a long-neciied flask, with washed hydrosulphuric 
acid gas, to complete precipitation ; filter and wash ■with water. 
Betum the filtrate and washings to tjie flask, Insert therein a glass 
tube and hlow air from a bellows through the same until the 
hydrosulphmuc acid Js expelled. 
Filtrate (c) ; acetic acid flactic acid ; formic acid ; butyric acid ; valeric 

Treat residue a with washed hydrosulphurlc acid gas, until the 
residue appears whoUy black, as seen from beneath the vessel. 
Filter and wash, and exptil the hydrosulphuria acid from the 
fllti-atebya current of air from a bdlows, as described abce. 
Filtrate (D) : adds whose lead salts are insoluble in water [or alcohol). 

h. Acetic acid boils at 119°, It may be distilled from a 
paraffin or glycerin bath. In distillation from sulphuric acid, the 
acetic acid ia liable to be oxidized to a slight extent, with pro- 
duction of carbonic and sulphurous anhydrides, the lattei- con- 
densing with the acetic acid. For the acidimetry of the distillate, 
acetates should be distilled with phosphoric acid (or with 
hydrochloric acid, and the subsequent determination of the latter 
by standard solution of silver). Fractional distillation — with or 
without fractional saturation — ^may he employed in the separa- 
tion of acetic acid from other acids more or less volatile than 
itself. {See, also, Valeric acid, c.) 

Quantitative, — i. M-ee acetic acid, in absence of other 
acids, may be determined by neutralimiion with aa ascertained 
quantity of alkali. Different alltalies have been used in stEmdard 
Bolutiott for this purpose — as soda, potassa, aodic carbonate, lime 
dissolved with sugar, ammonio-cupric sulphate. In the solid 
state, calcined magnesia, crystallized sodio carbonate, and potassio 
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bioarbonate have been employed. Also baric carbonate, tho 
bdrium dissolved as acetate being then determined as sulphate. 

In testing colorless or slightly colored solutions with any of 
tho standard solutions named aboTe. except that of ftmmonio- 
cupric sulphate, the ^oisi^ of saturation is indicated by litmus; 
liut in case the acetic 'solution is colored somewhat, a little sul 
phato of copper may be added, when the neutral point will be 
indicated by the cloudiness due to the commeacing precipitate 
of hydrate of copper. With the ammonio-cupric standard 
solution, the solution determined must be very dilute, when 
saturation wOl be shown hy the turbidity. In the use of cal- 
cined magnesia, saturation is indicated by the dissolving of the 
solid, J? well as by the color of litmns. 

In tho method with carbonate of barium, the acid is saturated 
with tho pure carbonate; the acetate of barium filtered and 
washed from the excess of tho reagent, precipitated by dilute 
sulphuric acid and weighed as bai-ium sulphate, BaSO^ ; 2H 
C,Hp, : : 1 : 0.515. 

The most convenient standard of solutions of alkaliti are 
the ■■ norma! solutions,'' operating upon one-tenth equivalent of 
thn acid — ^HCjHjOj — 6.000 grams of the material. 

j. The aciitic ai-id producible from acetates of bases insoluble 
ill water may be estimated vrflumetrically as follows ■ To a 
&ol it n (t (. 000 gr*ms of the acetate idd norm'*! solution ot 
illvil to complete i recipitation noting the number of cubit, 
centimeters usel liltei and wash till the wa hmgs do not 
affect litmus 2 aper To the filtrate and washings adl ot a 
1 ormal solution of acid to the neutral j oint The numbei of 
( 1 c fcntimcters ot alkali u«ed mnis the numbe of cul c 
ce ti eters of aulistl expresses the jei cent tf icet >.. ii-ii 

41. BUTYBXC ACm. HC,H,0,. Identified by its odor 
{«); by tho odor of its ethyl salt (6); by its liquidity, 
solubilities, and the properties of its salts of lead, barium, and 
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olher metals (c). — Sep<wat<i<2 from acids having higher or lower 
boiling points by fractional saturation and distillation {d); from 
many acids by the solubility of its lead salt in water, and from 
other acids by the solubility of its lead salt in alcohol (c. See 
process g, under Acetic acid). — Determined by saturation (e) ; 
by ultimate analysis. 

a. The odor of butyric acid is like that of rancid butter, but 
somewhat less offensive, and obscurely acetous, closely resem- 
bling that given by slightly rancid butter when heated. It is a 
strong and persistent odor, not much diminished by,,dilution of 
the a*id, but increased by warming it. The metallic butyrates 
are odorless, unless undergoing decomposition. 

i. Butyric ether — C,HjC,H,Oj — is formed by warming 
butyric acid or a butyrate with alcobol and excess of sulphuric 
acid. It has the odor of pineapples, by which it is readily iden- 
tified. It rises to the surface of aqueous mi;vtures, and may be 
decanted, and purified from acid by addition cf chalk and from 
water by chloride of calcium. It is soluble m all proportions 
of alcohol and ether, very slightly soluble in water. It distils 
at 119' C. 

c. Absolute butyric acid is a colorless, mobile liquid, solidi- 
fied at very low temperatures, at 15° C. having a specific gravity 
of .974. It is soluble in all proportions of water, alcohol, ethef, 
and wood-spirit. It is not soluble in concentrated solutioi^ of 
freely soluble salts. The inetaUie butyrates are ail soluble in 
water ; plumbic, argentic, and merciirous sparingly solubla ; 
calcic freely soluble in cold water, but sparingly soluble in hot 
water. Plumbic butyrate is more soluble in alcohol than in 
water ; argentic butyrate less soluble in alcohol than in water ; 
baric butyrate very sparingly soluble in alcohol ; potassic buty- 
rate freely soluble in alcohol. 

Buiyrate of lead is formed slowly on adding butyric acid to 
lead aeetate as a heavy liquid which solidifies on standing. 
Alkaline butyrates, with lead acetate in moderately concentrated 
solution, give a millty precipitate, which afterward solidifies in 
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a white semi-eryatalUne mass. A nearly saturated solution of 
butyrate of lead, left over sulphuric acid, deposits fine, silky 
needles which are anhydrous. Bittyrate of silver is formed in 
shining scales by mixing moderately dilute solutions of nitrate 
of silver and alkaline butyrate. Butyrate of copper forma blue- 
green monoelinio ciystals sparingly soluble in water (see Valeric 
acid, J). Butyrate of zinc crystallizes in shining scales. Buty- 
rate of barium is foi-med by saturating butyric acid with 
hydrate of barium, and crystallizes in the cold in long flattened 
prisms containing 2 aq. Butyrate of calcium, obtained in 
the same "way, crystallizes in delicate needles, anhydrous. — 
Butyrates of lead, barium, calcium, potassium, ajid some other 
metals, rotate rapidly when dropped in small fragments 
upon water. 

ct Butyric acid distils unclianged at 157° C. Its separation 
from propionic, acetic, valeric, oaproic, and other acids of conti- 
guous boiling points, is best accomplished by fractional saturation 
and distillation, (43. Also, see Valeric acid, e.) 

Quantitative. — e. Butyric acid has been determined by 
saturation with (10 parts of dry) bismutli hjdrate, and precipi- 
tation of the butyrate of bismuth ■with ammonia to obtain the 
oxide of bismuth, which is dried and weighed. Bi^O^ : 6H 
C,H,0, : : 1 : 1.12S2. 

42. VALERIC ACID. HC,H,0,. Identified by its odor 
and taste, the odor of its ethers, and the taste of its alkaline 
salts (a) ; by its consistence, boiling point, solubilities, and the 
properties of certain of its metallic salts (6). — Separated by 
fractional distillation (c) ; by solubility of certain salts of lead, 
copper, iron, fcarium, zinc {d). — Determined by acidimetiy (e) ; 
approximately, by solubility in water (_/). 

a. The odor of valeric a^rjid is that characteristic of dried 
valerian root and of common valerian oil, in part like that of 
decayed cheese and also of butyric acid. When not diluted, it 
has a sour, })urning, and disagreeable tasle .and caustic effect. 
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Tlie alkaline valerates have a sweetish taste, with a pungent and 
alkaline after-taste, and when moist exhale some odor of valeric 
acid. Ethyl valerate, evoA'v^Si on warming valerii) aeid or its 
salts with alcohol and svdphui-ic acid, has an agreeable, fniity 
odor. Amyl valerate, formed t>y heating valerianic acid with a 
very little fusel-oil and sulphuric acid, is characterized by a 
pleasant apple odor. 

b. Absolut* valeric acid {" monohydrate ") is a transparent 
and mobile oily liquid, of sp. gr. of .937 at 15° C, boiling at 
175° C. With water it forms a definite hydrate — HO^HjO, . 
HjO (" trihydrate ") — an oily liquid of sp. gr. of ,950, boiling at 
165° C., but gradually dehydrated by distillation, the fii-st dis- 
tilled portion containing the hydrate mixed with water, after 
which the absolute acid passes over. — Absolute valeric acid is 
soluble in SO parts of water at ordinary temperatures ; the 
hydrated acid in 26 parts. It is almost wholly removed from 
solution by saturation with freely soluble salts, as chloride of 
calcium or of sodium. It is soluble in all proportions of alcohol, 
ether, chloroform, and glacial acetic acid. 

The valerates of the alkali metals are deliquescent and freely 
soluble ill water and in alcohol ; of the alkaline earth metals, 
moderately soluble in water and in aqueous alcohol. Aluminum 
valerate is insoluble. Ferric valerate (basic) insoluble. Zinc 
viderate is soluble in 90 parts of water, and 'A CO parts of 
alcohol of 80 per cent. Bismuth valerate (basic) insrfuble in 
water; silver valerate, slightly soluble in water; lead valerate 
(normal) readily soluble in water, (basic) sparingly soluble in 
water; mercuric valerate, soluble; mercurous, slightly soluble; 
cuprie valerate, moderately soluble. 

The lead valerate crystallines in shining needles gathered in 
hemispherical groups ; silver valerate in white, shining plates ; 
copper valerate in green-blue monoelinic prisms ; mercury vale- 
rate in slender white needles ; zinc valerate in snow-white plates 
of pearly lustre. The sodium and potassium valerates melt at 
140° C, and solidify in amorphous cakes, white when pure. 
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Sodium valerate ciystallizes, by spontaneous evaporation in 
waj'ra and dry air, in cauliflower-shapod maases. — Many of the 
valerates rotate upon the surface of water when dropped in 
small fragments upon it. 

Silver valerate is precipitated from solutions of valerates 
not too dilute in a white curd, turning black in the light. — 
Solutioa of acetate of oopper on agitation with concenti'ated 
valeric acid forms anhydrous valerate of copper in oily droplets, 
^I'hich, after five to twenty minutes, crystallize as gfeenish-blue 
monoclinic prisms or octahedrons of hydrated cupric valerate, 
soluble in a moderate quantity of water and in alcohol. (Dis- 
tinction from JBviyrio acid, which forms in solution of acetate 
of copper, not very dilute, an immediate precipitate or turbidity 
of butyrate of copper, bluish-green and finely crystalline in 
monoclinic prisms — Lorooque and Hubaut.) — Valerates are (?i?- 
composed by acetic, tartaric, citric, and malic acids ; not by 
butyric acid, — Valeric acid decolors potassium permanganate 
solution. 

c. Valerie acid is easily separated from Butyric acid by 
fractional saturation and distillation of the latter, the butyrate 
being wholly decomposed at the temperature of the less volatile 
acid, which remains in the retort as valerate (41, d). With 
Acetic acid, hqwever, the more volatile acid is held by the base 
in the retort, while valeric acid distils over. In decomposing 
valerates for distillation of the a«id, sulphuric acid may be em- 
ployed, avoiding a strong esccss. 

d. Valerie acid is separated from aoids which form insoluble 
lead salts by the method given under Aoetio acid, (/. From 
acids forming soluble salts of alnminiiin, by the insolubility of 
aluminum valerate. — If a solution of- a valerate made slightly 
alkaline to test-paper is fully decomposed by solution of ferric 
chloride, and after a short time filtered, the filtrate will be red if 
Acetic acid is present. " A solution of valeric acid in 50 parts 
of hot water, saturated with hydrated carbonate of zino, yields a 
liquid which, when filtered and evaporated to 10 parts and 
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cooled, aflbrds white pearly crystals of valerate of zinc. The 
motiier-water, draiued from these crystals, should not yield, by 
further evaporation and cooling, a salt crystallizing in six-sided 
tables and very soluble in water " (acetate) . — Valerate of baxilllB 
is soluble in 3 parts cold water, sparingly soluble in alcohol ; 
Caprylate of barium in 120 parts water, nearly insoluble in 
alcohol ; Caprinato of bai'ium almost insoluble in water. 

Quantitative. — e. Free valeric acid, in absence of other 
acids, may be determined by normal volumetric solution of alkali. 
Weighing 10.2, the number of cub. cent, of alkali solution equals 
the nmnber per cent, of H0,H,Oj; weigliing 12., the number of 
cub. c«nt. equals the number per cent, of HC^H^Oj-HjO. 

f. A weighed quantity of the acid (1 gi'am in a tared Bask) 
should require not less than 36 times its weight of water at 16° 
to 18° C. for perfect solution {absence of aieohol, acetic acid, 
valerates, etc.), and should require not more than 30 times its 
weight for exact solution (absence of fatty acids, valernl, etc.) — 
DuFios. 

43. Formic, Acetic, Butyric, and Valeric acids may be 
separated from each other by Fractional Saturation and 
Distillation, as follows : (This method is generally applicable 
in fractional distillation.) — To one-half of the material to be 
distilled add enough potassa or soda to neutralize, and then mix 
with the other half and distil — with a thermometer in tjie retort 
or generating flask to show the boiling point — receiving the dis- 
tillate all together. If the boiling point has been constant, no 
farther separation can be effected by this method ; if not, saturate 
half the distillate, mix with the remainder, and distil as before. 
Repeat the fractional saturation with alkali and distillation of 
the free acid of the receiver until the distillate has a constant 
boiling point. Now to the several retort residues add excess of 
dilute sulphuric acid and distil each ; if their distillates do not 
sliow a constant boiling point, half saturate and disti!, in each 
pase, as before, until the boiling points arc constant. Again 
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deoomposo and distil the retort residues, as before, repeating the 
operations until the whole of the organic acids is obtained in 
separate distillates, each showing a constant lK)iIing point. The 
work may be tabulated as follows : 



Praetional Saturation and Diatillation. 


Mixtui'o of acids, a. 6, c, d 


of different boiUng points. 


Neutralize half the m 


ised acids and distil. 


Ik Eetobt : salts of e, d. 
Saturate -Witt sulphuric acid and 

(Bail, point chEineee,) 
Neutralize half and distil. 


IH RacEtVBH : a, 6 (hoii. point 

changes). 

Neutralize half and dista 


In Eetobt : salt 
ofd. 


In Eeobitbh : o. 


In Retort : salt 
of 6. 


Is ItECEi\'Ea : a. 


Saturate with sul- 
phuric acid and 
distil. 


(Boil.pt. eonst'nt.) 


Saturate with sul- 
phuric acid and 
aistil. 


(Boil.pt. const.) 


Ih Receiveh : d. 




Is Ri!C3!rvEB: 6. 




(Boil.pt. eonst'nt.) 




(Boil. pt. eonst'nt.) 





44. VOLATILE PAT ACIDS of tlie Acstio Series. 
(Approaching towards these, in their properties, are the volatile 
acids of the .icetic series which do not have a fatty consistence, 
though commonly termed "volatile fatty acids" — viz., Formic, 
Acetic [Pkopylio], Butvbic, and Valerianic ficids.) 
Cipuoio ACID, HC,H,,0,,Vioil. ftt200°C., melt, at 9°C. 

GisANTiiYc ACID, HC, H,,0„ " " 218°C., " below20°C. 
CAPRVLro acid, HC^ H„0,, " " 236°C., '■ at 15°C. 
Pelargonic acid, ho, H^.O,, " " 260°C., " " 10°C. 
Capiuc acid, HC,„H,jo„ " with decom., " " 30°C. 

Characterized J)y their pungent and unpleasant odors (when 
free), by the persistent and fragrant odors of their ethyl ethers, 
by their liquid and more or less oily consistence at ordinary 
temperatures and their capability of di.stillation, by their f 
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solubiiitj or insolubility in v^ater and leacly solubility in alcohol 
lid 111 ethet, by then acid leaction, by forming with alkalies 
silts soluble in watei 

'^eparctted ftom each other by Fractional Crystalliaation, 
Is baiium "alts, as follows WA to the mixture (aqueous or 
alcoholic) sufficient prtaesi to neutralize, and add chloride of 
biiiui 1 to Jecomj" jse Cr\ ^t ill m removing tho successive 
ciois cf crjstils 

Ifit crop — bane caprate 



Ihe iquoou? ctjstilcDjs niij bp \\aslied with hot alcohol — 
the washings contimiiy the «alts, successively, in order the 
io\erse <A their cij stall ization from alcohol. Thus, the third 
ciop of cijstals iiom nater, i\hen -washed with alcohol, lose first 
ciproat*, then capiate and p Uigonite, lastly cenanthate, with 
little loss of ciprjlite 

beparated, also, by ^Fractional Saturation (43). 



PAT ACIDS, LIQUID AND SOLID. 

45. WOW-VOLATILB PAT AOIDS. Characteri-ded by 
an oily consislence, leaving a permanent oil-spot upon paper, 
and melting at different temperatures, mostly between 14° C. and 
80° C. ; by insoluhilily in water, upoa which they mostly float 
(in oily drops or layers, liquid if the water is hot) ; by free solu- 
bility in alcohol, the solutions mostly having an acid reactioa, 
and by solubility in ether ; by the (soapy) solubility of their 
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alkaline salts iii water ; by the waxy consistence of their lead 
salts, which melt and do not dissolve in water and have differing 
solubilities in aleohoJ and ether; by forming white, ra\\k^ preci- 
pitates wlien their alkaline salts in water solution are treated 
with salts of metals not alkalies, or with acids, also when (as free 
acids) their alcohol solutions are diluted with water. Tlio avi- 
dity of drying oils for oxygen is a characteristic of their acids. 
{See Fixed 00s.) 

The nine following are some of the more frequently occurring 
non-volatile fat acids, placed in order of their fusibility : 

4e. RioiNOLEio Acid, HC^H,,©,. Melts at 10° to 0° C. 
(14° to 31° F.). Yellowish, syrupy, inodorous, of harsh and per- 
sistent taste ; reddens litmus, and in alcoholic solution decom- 
poses caj'bonates with effervescence ; distils an illy-smelling 
liquid ; its glyceride and all its metallic salts soluble in alcohol, 
its lead salt soluble in ether. "Wlien Castor Oil (ricinoleate of 
glyceryl) is heated on a sand-bath with a double volume of nitric 
acid of 35 per cent., until the nitric acid la all removed ; the resi- 
due saturated with concentrated solution of sodium carbonate — 
the characteristic odor of cenanthyc aeid is obtained. 

47. Oleic Acid. HC,,H,jO,. Melts at 14° C. (57° P.), 
soft above 4° C. (S9° F.) Colorless, limpid liquid of sp. gr. 
0.808, odorless and tasteless, crystallizing from cold alcoholic 
solution in white needles ; reaction neutral, becoming acid on 
exposure to the air, by which it finally turns brown and rancid. 
Its lead salt (lead plaster) is ii^oluble in alcohol, slowly soluble 
in ether (separation from palmitate, stearate, lam'ate, etc.) Dis- 
tilled with nitric acid, all the volatile aoids of the acetic series are 
found in the distillate. 

43, LisoLEic Acid. 'B.0^^^,0^1 Melts at about 18= C. 
(C4° F.) ; faint yeUow, limpid liquid of sp. gi-. 0,921, of taste at 
first mild and afterward hai-sh; faintly acid to test-paper; oxid- 
izes in the air to a thick, viscid mass, its salts, also, being changed 
in the air. Most of the linoleates ai-e soluble in alcohol ; the 
lead salt is soluble in ether, 
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49. Erucic Acid. C^H^^O,. Melts at 34° G. (94° F.) ; 
ci'vstallizos from alcoliol in shining noedles ; lead salt not soluble 
ill ether {separation from Oleic acid). 

50. Lauric Acid. HC„H„0,. Melts at 43° C. (110° F.) ; 
solidifies in scales and ciystallizes from alcohol in white ne«dles; 
slightly acid to test-papev; lead salt sparingly soluble in alcohol, 
insoluble in ether. 

61. Mtkistic Acid. HC„H„0,. Melts at 54° C. (129° 
IT.) ; crystallizes in shining laminte; exceptional in being insolu- 
ble in ether ; the alcoholic solution has an acid reaction ; the lead 
salt is soluble in alcohol, but insoluble in ether ; the barium salt 
nearly insoluble in alcohol. 

52. Palmitic Acid. HC,jH;,0,. Melts at 62° C. (143° F.); 
colorless, tasteless, odorless, showing an acid reaction ; lighter 
than water ; crystallizes, in congealing, in shining scales, fi-om 
dilute solutions in slender needles ; lead salt insoluble io alcohol 
or cold ether ; barium salt sparingly soluble in water or alcohol ; 
calcium salt insoluble in water or ether, slightly soluble in warm 
alcohol. 

53. Stearic Acid. H C,sH,^0,. Melts at 70° C. (159° F.) ; 
inodorotis, tasteless, colorless in liquid and white in solid state ; 
crystallizes from alcohol in needles or naci-eous scales, having the 
specific gravity of water ; its solutions distinctly acid to test- 
paper ; lead salt insoluble in alcohol or ether, and not wetted by 
water and fusible at 125° C. ; barium salt insoluble in water, 
alcohol, or ether ; magnesium salt insoluble in water, and slightly 
soluble in cold, more soluble in hot alcohol. [For the fusing- 
points and modes of solidification of mixtures of Stearic with 
Laurie, Myristic, and Palmitic acids, as determined by I-lBiNrz, 
sec Watts's Dictionary, v., 414.] 

54. Cerotic Acid. H.C^H.jO,. Melts at 79° C. (174° F.); 
crystallizes in congealing in small grains, lighter than water; 
when pui'c, is capable of distillation ; soluble in hot alcohol and 
ill other, not soluble in chlorofonn ; solutions acid in reaction: 
loiid salt insoluble in alcohol. 
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S5. The non-volatile 2^t AcicU are separated from neutral 
fiUs by aaponificatioii with fixed alkalies, lime, or oxide of lead, 
ill each case effected by hot digestion in presence of water. 
Sometimes an alcoholic solution of alkaline salt is precipitated by 
alec holie acetite oi Icid (the lead salt being insoluble in alcohol) ; 
1 1 r ther cases in alec hoIic solution of lead salt is precipitated by 
i\ ohil c acetate of 1 arium or of magnesium (such being the 
saltlilties of the lespective salts). Then the purified salt is 
doc mposed m watei ^vith dilute acid. 

As m manufacturing operations, the neutral fats may be 
doocmposcl b> superheated steam, with separation of the fat 
Tc Is tcgethor 

58 The fit acids are in some eases separated /rom each 
other by fractional fUsion of their glycerides, with pressure. 
The melting point of the glycei'idcs (the neutral fats), is given in 
5S. The melting point of a mixture of free fatty acids is gene- 
rally much below the mean melting point of its constituents, as 
shown by the tables of Heintz mentioned in 54, and hence in 
many cases no separation can be accomplished by fractional 
fusion. Thus, free stearic acid can be freed from oleic but not 
from lauric, myristic, or palmitic acid, hy this process. 

67. The use of solvents in separation — of the free acids or of 
their salts — is indicated to some extent by the statements of solu- 
Ijilities, given in this work or elsewhere, and more particularly 
by the various methods of prej)aration of the acids in question, 
as found in Watts' Dictionary, Miller's Organic, Gmelin's Hand- 
book, and in original reports. 

Fi-eo fatty acids are separated from neutral Mit oils (not 
from castor oil), for commercial determinations, by extracting 
the oil with one or two volumes of 90 per cent, alcohol. The 
acid is then determined volumetrically with soda solution.* 

Also, by alkaline carbonates, which at ordinary temperatures 
saponify with fat ucids but not with fats. Prepare a solution of 

'* BURHTV^" ; Zailschr. Anal. Chcni,, xL, S5S. 
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10 grams crystallized sodic oai-bonate, 1 gram sodio bioai'bonale, 
and 30 c. o. water. Agitato, in a tes(-tub*e, equal volumea of this 
solution and of the oil, and set aside at ordinary temperatures. 
In absence of fat acids, the two liquids separate, moi-e or less 
turbid ; if fat acids are present, an emulsion is formed (from 
which a cream rises after some time). Old fat oils usually con- 
tain traces of fat-acids, scarcely indicated in this test, 

58, For the quantitative determination of free fat-acid in 
mixture with neutral fats, digest 10.0 grams of the oil with 2.5 
grams of pulverized sodio bicarbonate and 25 drops of water, on 
a water-bath, with trituration, for an hour. When cold, extract 
with petroleum naphtha, stii-ring; evaporate the naphtha, and 
weigh the neutral fat so separated. Benzole is : 
this separation. 



NEUTRAL SUBSTANCES, LIQUID OR FUSIBLE. 



59. FIXED OILS. Fata or Fat-oils. Glycerides of the 
non-volatile fat acids. (The following list includes those of most 
frequent occurrence ii 





a. LiQmn at okdi> . 


K-i Temii.kaiuk>^ 




aa. Dryino Oils [not 


FOIlMI^Q Elaidik) 




Spec. grav. Congeal p f 




Hemp^eed, 


. . 0.^ -35" C, -13 P 


Groeiiish when fresh, afterwaid 
brownihh yell )w unpleat'uiti 
odor and insipid taate 


Rrape-aeed, 


. . .618 -18' c, a r. 


"i ellow to brownish , ntarlj odor 
less, of mild taste. 


LiuseBd, . 


, . .984 -ST'C, -17"F 


Gold-yellow to brownish ; stroi^ 
odor and taste. 


Poppy-seed, 


, . .1)24 -13° c, o°r. 


Stow-yeliow ; limpid ; feebly plea- 
■ Sflnt odor and tasta. 


W^lmit, , 


. . .a?5 -18" C, 0°F. 


Slightly gi-eenish or yelloiviah; 
thick ; ceai-ly odorles.i, of mUd 
imtCy taste. 
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FIXED OILS. 



Cotfou-seiM], . 



Elaisik. 
5. grav. Oongeal.pi. 
.630 -18' C, 0° F. Yellowish ; nearly odorless and of 

.B^ 1°C., 34" F. Tellow or brownish-yellow to color- 
less ; of mild tasle. 

.043 — Cleai', iightly yellow ; of a taste at 

first mild and then Ijuraing and 
persistent ; canses puslules oa 
the skin. 

Sesame 031 0" C, 33° F. Yellow ; of mild odor and teste. 

Sunflower, . . .034 -15" C, E" F. Yellowish; limpid; noai'ly odor- 
le^ and tast-eless. 

tc. Oils not diitik&, but kot FonaiKQ Elaidin. 
Cod-liver, . . . .030 below 14° F. Cleiu- yellow to red-brown ; acid 
reaction ; cliaraoteristic fishy 

Whale 035 0°C., 33' F. Brownish; of characteristic dis- 

iigroeahle odor and taste. 

dd, HoH-BRYiKO Oils, fobkiso EtAiniK, 

Almond, . . . ,B18 -20° C, 4' F. Clear straw-yellow; hmpid ; in- 
odorous, of a bland, sweetish 

Castor, Oes -15" C, 5' F. Colorless or Blight yellow ; ayrupy; 

odorless, of mild taste with acrid 
after-taste. (Sometimes classed 
among the slightly diying oils.) 

Colza 914 -0°C., 31" P. Clear, yellowisb ; limpid. 

Hazel-nut, . . .920 -19° C. -3° F. 

Lard, 015 10° to 0°C. Colorless or nearly so ; slight odor 

of lard. 

Mustard (black), .OlS 15" C, 3° P. Yellowish ; odorless, of mild cliw- 
acteristic taste. 

Mustard (whit*), .913 (not solidified). Similar to the above. 

Neatsfoot, . . — (below 0" C.) Yellowish ; inodorous, of a blaM 

Olive, 010 5° C. to 3° C, Greenish or yellowisli ; thick flow- 
ing ; of slight pleasant or nij 
odor and mild sweetish tast«. 

Sperm, . . . .875 Limpid ; nearly odorless. 

Rape-seed, , . .914 -fi" C, sr F, Clear, yellowish ; di 
ond taste. 
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h. Solid at OBDiBAaY TEMPEnATuBEs. 

Melting. ! Melti-rtg. 

Butter 37* to 80° C. ' TaJlow, Mutton, . . 46° to 50° C. 

Cacao butter, . . , 2S° to 80° C. I apermaceM, . . , . 33* to 4r C 

T.ai-d, 38° to 33° C. Wax, TeUow (Bees'), 00° to 63° C. 

Tallow, Boef, . . . 80° to 40° C. | Was, White, . . . 65° to 69° C. 

60. Fixed or Kat Oils are characterized l>y their oily con- 
sistence and the physical properties stated above ; by their solu- 
bilities {a) and eohesion-ligures on water (5) ; by a neutral 
reaction ; by saponification — forming soapy-soluble compounds 
with alkalies and waxy compounds with lead oxide (c) ; by 
giving reactions for glycerin [d) ; by the precipitates obtained 
from their soap- solutions (e) ; by either oxidizing to a viscid 
mass in the air (/), or forming elaidin with niti-io acid (y) ; by 
their sensible reactions with special reagents (A). 

a. Insoluble in water, upon the surface of which they float. 
Mostly insoluble or slightly soluble in alcohol ; but Castor oil is 
soluble in all proportions of absolute alcohol, Spermaceti in 7 
parts of boiling absolute alcohol, and Wax partly soluble in 
alcohol. Soluble in Ether and in Benzole, less freely soluble in 
petroleum naphtha and in chloroform. (Solid fats are slightly 
soluble in petroleum naphtha; liquid fats moderately soluble.) 
Miscible with volatile oils, not with glycerin, 

B tawhwfi 'mm ix- 

(mfo)m hh q tedps; 

g n te m gea urn albu- 

g d p are 

d h p IS m ill 

d h ao- 

tcristic microscopic spheres. 

b. If a drop of oil is let fall upon a still surface of perfectly 
pure water, the oil spreads in a film which breaks into a figure 
{cohesion Jigure) or succession of figures, characteristic of each 
oil — fixed oils not being distinguished from volatile oils other- 
wise than from each other. The formation of these figures con- 
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stitutua ft practicalilc nmaiis of identiiying the separate oils, and 
es'eii to some extent of recognizing them when in mixture.* 

0. Sapon^fieatioji ia effected in presence of water by digesting 
with excess of alitali for some time, or with oxide of lead at 
100° C. for a longer time. The allcali-soapa dissolve in water, 
the solution being slightly milky, and becoming more turbid on 
dilution, and dissolve in alcohol, but mostly refuse to dissolve in 
ether. The lead soaps of some of the fat acids are soluble in 
other ; they are fusible, waxy compounds. See Noa- volatile Fat 
Acids (45). 

d. The glycerin formed in saponHication with oxide of lead 
or with lime, as above, when separated by the concentration of 
the clear water solution, renders evidence of its identity, by 
moans of tests given under the head of glycerin (66). 

e. The alkali-eoap solutions give white precipitates with solu- 
tions of salts of metals not alkaline, and with acids give white 
precipitates soluble in alcohol. 

y. The Drying Oils are recognized by not forming elaidin, 
when treated as stated in the next paragraph ; by drying to a 
resinous film when spread and exposed to the air, and by induc- 
ing elevation of temperature, and in many instances ignition, 
when diffused through a mass of wool or other porous material 
and exposed to the air. 

ff. The Non-Dryino or ELAiDKr-FOEMiKo Oils are knowu by 
reaction with peroxide of nitrogen. A concentrated solution of 
mercutic nitrate, or nitric acid of brown-red color, may be used. 
I'or the reactions given in the following table,| a little of the oil 
is taken in a test-tube, an equal volume of nitric a«id of about 
25 per cent, is added, the test-tube briefly shaken, a strip of 
copper turnings added, and the whole set aside at ordinary warm 
temperature, to be examined each quarter of an hour. 



* ToMLiNSOS, MofPAT : Chem. News, 1869. CnisE ; Am. Jour. 
Fhar., 187i, Sept. 

■i Hageb'S Unfersuchungen, ii,, 506, 
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Tests for Elaidia. 

4. ,1.4.— ./ 4., 11 1 „ Result nf tor stBDding 8 honrat. 

.tsStet^toi hours. „ rtavs!^ 



Castor, 



1- White or je 

turbid! 
. ■Whitish-yellow, 



, Wliitiah. 

, Wliitisii-yellow 



. White cloudiaess, often 
[ modiflel by color of 
I the oil. 

. jWhiteorwliltish cloud- 



White or whitish mass, granu- 
lar after shaking. Appears 
homc^eneousafterStolSbrs. 

Yellowish ! only partly Bolidt- 
flod, with a sui'Tace layer of 
semi-liquid, ti'aueparent oil. 

Nearly all solid ; a cle^-yellow 
oil lAj^r, witli awhitish crys- 
talline flnely grantilai pred- 

^itate. 

Whitish; EOlldlfying after 8 
hours or earlier. 

Whitish or yellow- white ; some- 
what granular, with transpa^ 
rent spots ; rigid ; sometimes 
with a nalf-llquid surface 
layf- 



drying im 
erfectly. 



, Yellow or roddish-yel- 
. Reddish-yel'w or hr'wn- 

. ilted to dark red. 






The I 






uniform after 
Fiiite oryellowisb-white mass, 
granular after shaking. Af- 
ter d to 8 hours the surface 
appears nearly uniform. 

Reddish-yellow ; soliditsing af- 
ter 16 to 34 hours and becom- 
ing brownish-yellow ; some- 
what granular after shaking, 
the granules eaclosed in an 
oil layer. 

Reddish-yellow ; soUdifying af- 
ter 16 to 34 hours and becom- 
ing yellow; made granular or 
pasfy by sbating, the gra- 
nules oil-coated. 

Syrupy; nearly clear: afterS 
daysajus6 perceptible sepa- 
ratioa of elaidln. 

Pasty or syrupy ; frequently 
showii^ a clear nrown-yellow 
oil layer of one-half to one- 
third the mixture. Appear- 
aneaof apreeipt. after 1 day. 

Blackish yellow-brown or red- 
brown ; opaque ; pasty. At- 
ter 1 day a transparent oil 
layer sometimefl t^pears at 
bottom or top. 
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FIXED OILS. 

Testfl for Elaidin — Continued- 



Oils. 


Kesult attei M to 3 hoiira 


_ 


Sunflowar, , . 
Drying Oils. 


TeUowislt or faintly 
reddish. 


Brownish yeUow. Pasty after 
Iday. 


Hempseed. . . 


Green. 


Tellow ; liquid, nearly or quita 
clear. 


IJnaeed, . . . 


Bcarcely elianged. 


Poppy-saed, . , 
Walnut^ . . . 


Scarcely changed. 
Scarcely chansei 


Reddish yellow-browii or red- 
liquid. 
Yellow; clear liquid. 


No-n-dryinfj Oils 
not forming 
Elaidin 






tod liver 
Croton, 


Sot elmiige 1 

Uncliaaged oi made 
clearer 


"i ellowlsh-rsd or reddieh-hr'n ; 

11 mid and transparent. 
Thiolt liquid; clear. 



If drying we m,ixed vUh nond/rying oils, the latter are 
eisily detected, the formei onlywith gieater care. The elaidin 
masa remains partly liquid, or an oily layer separates from it. To 
detect an intermixture of drying oil, proceed (with a weighed 
quantity) as above directed, leaving the mixture about two days, 
then aet it aside at 23° to 25" C. (72° to 77" P.) for 12 hours, 
and return it, without agitation, to ordinary temperature. The 
drying oil will now be found more or less perfectly separated 
from the elaidin. (For fmding the proportion of the drying oil, 
bring a tared roll of blotting paper into contact with the mass, 
while the temperature is 8= to 10= C. [46= to 50° F.] The in- 
crease in the weight of the paper or the loss in the weight of 
the mixture approximates the weight of the drying oil.) 

7i. Sulphuric acid, Nitric acid, Phosphoric' acid, caustic 
Alkali, and Nitrate of Silver are the chief of the special reagents 
for color-tests of fixed oils. 

The test hy sulphuria <mid is applied as follows : About 8 
drops of the oil arc placed in a watch-glass over white paper. 
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and then 2 drops of sulphuric acid of specific gravity of 1.820 
to 1.830 (not more concentrated) are dropped near the edge of 
the glass so as to flow upon the oil. The results are taliulated 
below ; 

Sulphuric Acid Test. 




Without Stibbingi. Afteb 



Brown. 

■brown. 
Blackisli-browD. 
Brownish olive-green. 
Hreenish-blue, 



Clear ; yellow. 

A tinge of pale lirown.. 

First yiolel^ then red, 

Brownish yellow. 

Brown-j-ed. 

Yellow. 

Yellow. 

Greenieh-blue. 

Brownish-yellow. 

Red, afterward violet. 

Qy^-l^•.>:■ k'f(' /w 

61. I'reparation and A^lication of Jieag&nts for Ideiv- 
tificatioii of Fixed Oils, according to the following tahle 

(1) Soda solutimi. Specific gravity 1.33. 4 pai'ts of dry 
soda in G to 7 parts of water. One volume of this solution 
agitated with 4 to 5 volumes of the oil and heated to boiling, 
(The drying oils, so treated, foi-m soft soaps; the non-di-ying 
oils, mostly hai-d soaps.) 

(2) Sulphuric acidoi spec. grav. 1.475. Mixture of 10 parts 
of the acid of spec, gi-av. 1.840 and 7 parts of distilled water. 
One volume is mixed with 5 volumes of the oil and set aside for 
ten minutes, 

(3) Sulphm-ic acid of spec. grav. 1.530. Mixture of 10 parts 
of acid of 1.840 and 6 parts of water. Mix 1 volume with 5 
volumes of the oil aad set aside for five minutes. 



* Pkar. Joiif., 
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(4) Sulphuric acid of spec, grav, 1.635. Mixture of 10 pai'ts 
of acid of 1.840 and 4 parts of water. Applied lilie reagent (8). 

(5) N'Urio acid of spec, grav. 1.180. Mix 1 volume witk 5 
Toliimes of tlie oil and set aside five minutes. 

(6) Nitric acid of spec. grav. 1.220, Applied as dircotcd for 
reagent (5). 

(7) Nitric acid of spec. grav. 1.330. Applied as directed 
for (5) and results noted; tlien an excess of the soda solution 
(I) is added and results noted again. 

(S) PhoBphoHc acid of syrupy consistence. 

(0) Sidpkuria acid of spec, grav, 1.840 with equal measure 
of Niin'ic acid of spec. grav. 1.330, One volmne of the mixed 
acids for 5 volumes of oil. 

(10) Mtrohydrochloric fflcic?— from 1 volume of nitric acid 
of spec, gray. 1.330 and S5 volumes of hydrochloric acid. One 
volume of the mixture to 5 volumes of oii, noting the result. 
Then add excess of Soda solution (1), and again note the result. 
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F.XAMJXATION OF nVTTER, 81 

62, Tests with ITitrate of Silver, A two per coiit. alcoholic 
aolutioB of nitrate of silver is prepared : 0,5 gram of crystallized 
silver nitrate being dissolved in 1,0 gram water and mixed with 
25 c. c. of absolute alcohol. Now place or 7 c, e. of the oil in 
a test-tube about 12 millimetres {0.47 inch) thick, add 2 or '3 e. c. 
of the silver solntion, shake hriskly to form a milky mixture, 
heat, without bringing the tube in contaet with the flame, to 
boiling for a quarter of a minute, and set aside for an hour or 
two. A redttction of etloer, with 4a/rkening of the oil layer 
to brown, red-brown, or black, results from this test with 

Almond oil, from bitter almonds — colored after several hours. 

Bone oil — brown to black. 

Cotton-seed oil — brown to black. 

Lard oil. "■'■ 'I.-j'-"'. 



Cod-liver oil, 
Hemp-seed oil, 
Olive oil, 
Sesame oil. 



1 oil — darkens, red-brc 
d oil — brown-red. 
With the following oils there 
Almond oil, 

from sweet almonds, 
Beeeh.nnt oil, 
Castor oil, 



83. Special examination of Bv.ttsr.-~-S^amtion of fata 
from non-fatty substances by melting («), by benzole (b). 
Ide7itiJication of hutyrin, etc., by etherization after saponifica- 
tion (see Butyric acid, 41, b). Distinction from (mixtures of) 
lard by tre.itment with sulphuric acid (c), by treatment with 
ether at 18.5° C. (d), or with petroleum naphtha at 10° to 15° C. 
(e) ; from foreign color by borax solution {/). 

a. About 10 grams of the butter are melted in a large test- 
tube, by insertion in water of 50° to G0° C, (123° to 140° F.) 
for about an hour. The fats separate from a subsident layer of 
water, casein, salt, lactose, (foreign colors). The volume of the 
latter may be approximately ascertained by linear measurement 
on the tube. The fat layer from unsophisticated butter is clear, 
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and has a j-ellow color of a tint somewhat deeper than that ol 
the butter ; while the bottom layer is white, or at most but yel- 
lowish-white. (The bottom layer may he -^ at most ; from good 
table butter should not be over ^.) 

5 , In a large and strong test-tube place 5 grams of the butter, 
melt hy dipping in water at 60° C, (140° F.), add fully an equal 
Yolume of benzole, cork eecm-ely, agitate, and leave at about 
40° C. (104° F.) for an hour. The sediment separates more 
sharply and of thicker consistence than in a. — The sediment may 
bo washed with benzole on a filter, and analyzed chemically and 
microscopically (see e, d, e)- 

For the separation by benzole, a graduated tube may he 
used, as follows (Hoorn) : A glass tube is prepared, 20 centi- 
metres (8 inches) long, its upper two-thirds having a diameter 
of 2 centimetres (0.8 inch), its lower third narrowed and gradu- 
atod to tenths c. c, and it3 lower end closed. In this tube 10 
grams of butter are placed, melted by dipping in warm water ; 
30 c. c. of benzole are added, the contents thoroughly intermixed, 
and the tube set aside. After thirty to forty minutes, the ben- 
zole and fat will have separated from the water layer below — the 
amount of which may be read off. 

c. Talto 2 c. c. of the fats separated by melting as in a, bring 
the temperature to about 30° C, (86" P.), add about 3 c. c. of 
concentrated sulphuric acid, and agitate gently to a complete 
mixture. With butter alone, the liquid remains of a yellow be- 
coming yellow-red color, clear and translucent, not darkening at 
ordinary temperature, and after half an hour becoming gelatinous 
and rather less translucent. If Tallow or Lard is present, the 
mixture after a short time becomes darker, by aid of the heat 
generated by the acid, so that after half an hour it is dark brown- 
red or brown-black, 

d. The butter ia molted over the water-bath, and after stand- 
ing tlie liquid fat is removed from the subsident layer. This fat 
is mixed in an evaporating dish with four or five times its bulk 
of hot water and left two or three hours. The solidified fat is 
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dried on blottmg papei mtroluced mto a wideuecked fli?k and 
cohered -with ether at a tempeiatuie of 18 5= C (05 3° F ) If 
the huttei was pure the fat fully dissolve' to a. deai lem n 
y II 1 liquid If the huttei contained Lard the fat la n some 

I I t laoluble m ethnr at this t(,mperatuic anl thi, mLxtuit, is 
kft milky or thick depositm^ a (finely grinuUr) selimeut on 
standing Tallow of heef oi mutton gives the same ic ults the 
SLdiment being ccar^ei thin m tht. ci90 of lard The tempera 
tui e of the ethei is the important condit on i a this test and it 

II ust not be di&tuibel ly contact with thi„ hand (Horslby )* 

By special apparatus, closer observations are made with this 
test (Ballard) as follows; Select a test-tube 11 or 12 centi- 
metres (4 or 5 inches) long and about 2,5 centimetres (nearly 
1 inch) wide; and prepare a section of glass tubing of 1.3 to 
1.6 centimetres (a little over ^ inch) diameter, and 4 to 5 centi- 
metres (1^ to 2 inches) long, each end being slightly rimmed 
outward, and the one (lower) end hound over with a bit of thin 
canvas. Weigh the little tube, with the covered end, and place 
in it 1.5 grams of the butter to he tested, and in the test-tube 
5 e. c. of ether. Attach a th d t tl small glass tube and let 
it down into the ether, tl 1 tl t t-tubo wltli a cork, so as 
to hold the thread, and hml th k aver with leather. Im- 

merse the test-tube in ^ ate at tly 18.5° C. (65.3° F.) and 

leave it an hour at this t mp t The cap is now removed, 

the small tube drawn up t t tl th r by the thread (without 
removing the cork), and left at same temperature to drain. The 
small tube is now taken out, and while the top is closed hy the 
finger the liquid is absorbed as far as possible hy blotting-paper, 
the tube exposed to the air ti!I free from ether odor, and weighed. 
With E CO. ««8r. WtBi 10 cc e&ey. 
From 1.5 grams pure butter, remained 

insoluble, O.ISgrms. O.H grms. 

From 1.5 grams beef tallow, . . . 0.945 " 

From 1.5 grams lard, 0.9 " 

* Farther, sec Chem. News, Sept. 11, 1874, p, 135. 

. Google 



8-1 KBrTRAI, SUBSTAA-CES, LIQUff "li FfSIlJI.tl, 

From equiil parts tallow and buttei', . 0.6 grms. 

From \ tallow and |- butter, ... 0.3 " 0.8 grms. 

From I lard and J butter 0.15 " 0.8 

From ^ lai-d and |- butter, .... 0.G7 " 

e. Tho fat of butter, separated according to a, is treated with 
7 parts of petroleum naphtha at a low temperature — 10° to 15° 
C. — when the fat of butter dissolves, and tallow, or lard if over 
10 per cent., remains in sediment. 

y. Boil gently, in a test-tube, 2 grams butter with 5 c.e. of 
eol (I- saturated solution of borax, and set aside to cool and sub- 
side. Butter not sophisticated leaves the borax solution nearly or 
quite colorless (with white turbidity) ; artificially colored butter 
leaves the borax solution more or less brown. 

64. The Fat3 are determined in Milk — by separation 
with ethci', from the milk (a), from the residue (h) ; by opacity 
of the milk (c) ; approximately and for comparison by the 
volume of cream (d). 

a. To 20 c.c. of milk add an equal volume of 10 per cent, 
solution of potassa (to hold the casein ip soludon), in a cylinder, 
and repeatedly extraci^^iffi' ether.y^ Dry the ether residue at 
110° C. [Farther, see Phar. Jour., 1874, Sept. 5, p. 188 ; also 
Wanklyn's Milk Analysis, New York, 1874, p. 24.] 

b. Evaporate 10 grams of milk — with 5 grams Ci-esh dried) 
charcoal powder or 15 grams (just ignited) ferric oxide or baric 
sulphate — at 100° C, till tlie weight is constant (total solids). 
Extract the residue, while dry (it being very hygroscopic), with 
ether, and dry the ether residue at 110° C. 

c. Use of Vogel's Laetoseopc. A test-glass made of two 
semi-circular glass plates, set parallel and exaeUy 0.5 centimetre 
apart, to hold a liquid between. In a mixmg glass, to 100 c.c. 
of water, add mUk from a pipette, drop by drop, until tho diluted 
milk, when examined in the tcst-glaas, cuts off the light of a 
candle placed at 10 to 20 inches distance from the glass (the 
examination being made in a dark room). Dividing 23.2 by the 
number of c.c. of milk required (to obstruct tho light)^ then 
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lidding to the quotient 0.23, the sum is the per cent, of fats in 
the mill;. 

d. The milk ig set in a (wide) graduated cylinder until the 
cream has fully separated, when its volume can bo read off. 
(The volume per cent, of cream in cow's milk varies from 
5 to 14.) 

Tor Quantitative Analysis of Milk, see, farther, 167 and 168. 

65. Fixed Oils are separated from Volatile Oils by 
extraction of the latter with alcohol (not applicable in case of 
castor oil, which is soluble in all proportions of absolute alcohol 
or ill 4 or 5 parts of 90 per cent, alcohol). — They are also 
removed fi-om volatile oils by saponification with alkalies and 
wi.ter. — They arc separated from substances soluble in water 
by action of that solvent ; from various solids by digestion with 
ethcr, bisulphide of carbon, benzole or petroleum naphtha ; from 
emulsions by spontaneous separation in cream and melting of 
the latter, or by ether or benzole, with addition of alkali if 
necessary to prevent coagulation of the emulsifying substance. 

Fixed oils are in many cases separated from each other by 
fractional fusion, according to differences of melting point as 
stated in the list, this means of separation being subject to the 
same limitations mentioned as pertaining to Fat Acids (56). — 
Drying oils are separated from nonnirying by transformation of 
the latter into elaidin, as already dii'ected. 

66. G-LT'CKBIM'. C,H,(H0)3. Glmracterized by its phy- 
sical properties {a) ; by the products of its decomposition when 
heated (J) ; by the limita of its reducing power and its inter- 
ference with precipitation of metallic bases (c). — Separated from 
solids by its liquidity at low temperatures ; from volatile bodies 
by their distillation ; from sugar, gimi, or gelatin by certain 
mixed solvents (a). Its proportion in mixture with water is 
determined from specific gravity, by use of a table. 

a. A colorless, syrupy liquid, of apeciiic gravity 1.267 at 
IS" C, not congealed at 18° C. (0° F.), mostly separating as a 
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liquid during tlie freezing ot' its water mixtures ; distilling very 
slowly with steam at 100° C,, slowly giving off vapor with partial 
decomposition at 130° C, (248° F.), boiling with decomposition 
of the most part at 290° C. (554° ¥.) Odorless, and of a pure, 
sweet taste, and neutral reaotioa. Soluble in all proportions of 
water and of alcohol ; only very slightly soluble in ether, excess 
of which separates alcohol from it ; not soluble in chloroform ; 
soluble in a mixture of 2 volumes of absolute alcohol and 1 
volume of ether (separation from Sugar, Gum, Gelatin, etc.) ; 
soluble in a mixture of equal weights of chloroform and alcohol 
(separation from Sugar, Dextrin, Gum, Extractives — the mixture 
not acid) ; not soluble in benzole, bisulphide of carbon, petro- 
leum naphtha, or fixed oils. It dissolves nearly all organic sub- 
stances soluble in water and many of those soluble in alcohol, 
most salts of alkaloids, and all deliquescent salta of metals. It 
dissolves baryta, strontia, and lime, with combination, and 
potassa and soda with gradual decomposition. It holds salts of 
iron and copper in solution not precipitated by alkalies. It dis- 
solves one-fifth per cent., each, of sulphur and phosphorus, 20 per 
cent, Qf arsenious acid, 10 per cent, of benzoic acid, 15 per cent, 
of tannic acid (as a waxy solid melting at the temperature of the 
body), and dissolves and preserves hydrosvtlphuric acid. It 
strongly absorbs water from the air. It dissolves iodine freely 
without decomposition, bromine sparingly with gradual decom- 
position, aiid is changed by chlorine and by nitric acid. It com- 
bines with strong sulphuric acid, without color or effervescence, 
as the instable glycerosvdphuric acid. 

b. At its boiling point, as above, glycerin evolves suffocating 
vapors of acrolein, etc., which vapora may be condensed by ice 
to a liquid, chiefly acrolein, with some acrylio acid, acetic addj 
etc. Acrolein is a very acrid body, boiling at 51° C. (124° F.), 
soluble in 40 parts of water. With acid sulphate of potassium, 
glycerin evolves acrolein at lower temperature. Decomposed 
nnd vaporized in an evaporating dish over a lamp or sand- 
baUi, only a slight carbon residue remains, staining the dish 
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(distinction from mixturo of Sugar, Gums, etc., wliieli leave a 
pully carbon residue). 

C- Glycerin does cot redtice hot alkaline sulphate of copper 
solution (distinction from Sugars, etc.) ; does not reduce nitrate 
of silver, even on addition of ammonia, if dilute and not heated 
(distinction from admixtures of Formic acid and certain empy- 
reumatie matters), but on boiling it does reduce ammoniaeal 
nitrate of silver solution. (Acrolein, Butyric acid, etc., form 
■white precipitates with silver nitrate, blackening on standing or 
heating.) At a boiling heat glycerin liberates iodine from 
iodic acid. 

d. As concentrated by evaporation^ tHe air from a water- 
bath, glycerin retains about 5 per cent, of water. The U. S. 
Pharmacopceia requires spec, grav; 1.25; the German Pharma- 
copceia spec. grav. 1.23 to 1.25. 
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67. SOAPS. Alkali salts of iFatty asiids (and of Resin 
acids). — Characterized by their peculiar touch and consistence, 
solid or gelatinous; if solid, by melting or softening when 
warmed, and more readily if retaining more water ; by dissolv- 
ing in water to a slightly cloudy solution, viscid if concentrated, 
and made more turbid by dilution, also dissolving in alcohol 
(the solution being often turbid from fats, alkaline carbonates, or 
other impurities) ; by their aqueous solutions being precipitated 
by salts of metals not alkalies, or by acetic or stronger acids. 
In the last-named precipitation, the fatty acid will separate as a 
cream, and may be examined as provided under head of Fat 
Acids, and the base in solution determined by inorganic analysis. 
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Soap solutions are precipitated, physically, by common salt, 
potassa soaps Incoming soda soaps by double decomposition. 
The oleate of potassa is (sparingly) soluble in ether; otherwise 
the allialine oleates, stearates, and palmitates are slightly or not 
at all soluble in ether. 

Quantitative. — a. In determining t/te water of soaps by 
direct evaporation, the fine shavings are exposed at first to a 
temperature of 40° to 50° C, which is after some time increased 
gradually, so as not to fuse, to 100° C, the latter continued until 
there is no longer a loss of weight. Stearates so treated still 
retain about 2 per cent, water, — A more satisfactory determina- 
tion of the wat«r is effected by dissolving 1 to 2 grams soap in 
the least sufficient quantity of strong alcohol, adding a weighed 
quantity of fme sand, just dried, then evaporating, with tritura- 
tion, and drying at 110° C. — The water is also estimated as 
remainder after finding the fat acids, bases (combined, free, and 
carbonated), glycerin, resin, salts, color-substances, and foreign 
matter. 

5, The amount of absolute soap is determined from the fat 
acids approximately (Ge^geb) as calcium precipitate after solu- 
tion in alcohol. Ten grams of the soap, in fine shavings, are 
dissolved in 90 c.c. of 90 per cent, alcohol, the solution made up 
by addition of alcohol to 100 c.c, left to subside, and 10 c.c. of 
the clear solution are taken out, diluted with water, and precipi- 
tated with calcic chloride. The precipitate is gathered in a tared 
filter, washed, dried at 100° C, and weighed. 100 parts of this 
precipitate indicate 101.5 parts of anhydrous soda soap. 

c. The fat acids also are determined grammetrieaUy, by 
weight as free acids, by intermixture with beeswax (Hageb), as 
follows: 10 grama of the soap are dissolved by warming in an 
evaporating dish in about 50 C.c. water, and the solution treated 
with 6 c.c. of hydrochloric add of spec, grav. 1,1^4, or 9 c.c, of 
dilute (1 to 5) sulphuric acid, or enough to cause an acid reaction. 
Ten grams of pure dry beeswax are added, and melted, and the 
whole set aside to cool. The solidified mass is now carefully 
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removed from the solution, dried witli blotting-paper, and 
weighed ; the weight being diminished by 10 grama gives the 
amount, of fafc acids [and resin]. 80 parts of fat acid indicate 
about 100 parts of good dried {soda) eoap (Hager) ; 11 parts 
fafc aeid represent an average of 12 parts of solid fat. — According 
to JuAis (Cheni. Neics, xxvi., 206) the iat acids arc estimated 
from the combined alkali (*), 12.6 parts of which (soda) unite 
with 100 parts anhydrous fat acids. 

VoHi. {Jour. Cheni. Soc, 1872, 934) separates the fat acids 
(and resin) by a limited quantity of petroieum naphtha. Ten 
grams of soap are dissolved in warm water, then decomposed by 
hydrochloric acid in a cylindrical vessel, and the solution, at 
20° C, extracted with about 10 grams of petroleum naphtha. 
This solvent is afterward evaporated in a tared dish at 30° C, 
dried at 100° C, and the residue weighed as fat acids. As to 
Resins in this process, see ff. 

d. The fat acids may be approximately determined by the 
volume of their supernatant layer, after acidulation, in a gradu- 
ated cylinder (Bctchner). 1 c.c. equals 0.98 gram. The weight 
of fat acid plus -jlg- equals the weight of fat; and 100 parts of fat 
correspond to 155 parts average hard eoap. 

e. Pows recommends a volumetric determination of fat acid 
by solution of calcium chloride ; on which is based a valuation 
of the soap, taking average Marseilles soap — 04 per cent., fat 
acids, 6 per cent, soda, and 30 per cent, water — as a standard or 
unit of value. One gram of this standard soap will precipitate 
0,1074 gram calcium chloride (or 0.3633 gram barium nitrate) ; 
or 10. of soap, 1.074 of calcium chloride, the latter quantity 
being dissolved to malte 1,000 c.c, [1,074 of calcium chloride 
may be obtained by dissolving 0.9675 of pure calcium carbonate, 
the solution being obtained exactly neutral.] Ten grams of the 
soap (carefully averaged) are dissolved in 100 c,o. of 85 per 
cent, alcohol^insoluble material being removed by decantation 
or fiitration, and washing — and distilled water is added to make 
tiio liquid measure 1,000 c.c. In a stoppered flasic of CO to 80 



c.c. conteiita, place 10 c.c. of the standard calcium solutioa, and 
add, from a burette measuring tenths c.c, the prepared soap 
solutioa, shaking aiter each addition until a foam remains on the 
surface (as in the soap test of hard waters). The number c.c. 
used contains as much soap as 10 c.c. of cojTesponding solution 
of standard soap would contain. Hence divide 10 by the number 
c.c. used, and the quotient expresses the value of the soap tested, 
as compared with the standard. 

for the separation of the fat acids from each other, a work 
of difficulty, see under Fat Acids (55-57). 

f. XXncomhined fal can be extracted from soap (previously 
dissolved as far as possible in water) by petroleum naphtha at 
the temperature of 20° C. (Compare, under Butter, 63, 
cl and e.) 

g. JHesiii can be extracted from dried and pulverized soap 
by nieans of benzole, which dissolves only traces of the soap. — 
Or, the solution of fat acids in a little petroleum naphtha (a 
quantity equal to that of the soap) — as obtained by Vohl'a 
process, given in o — contains the resin, which is now precipitated 
on diluting largely with petroleum naphtha. The precipitate 
subsides. — Also, when the fat acid (aad resin) are treated with a 
mixture of water and a nearly equal volume of alcohol, the resin 
is dissolved out. 

/(. Soap mat/ be precipitated from cold water solution by 
saturated solution of common salt (free from earthy bases), and 
wa,i,hed on a filter with the same salt solution, with but little 
loss, the uneombined alkali (and alialme carbonate) and the 
glj cerine being contained in the filtrate and washings. The total 
of alkali in this filtrate may now be determined by volumetric 
solution of acid, showing the unoomhlTml cdknli of the soap, in- 
chiding alkaline carbonate. — If the soap is dissohed in alcohol, 
alkaline carbonates remain undissolved and may be determined 
by adding volumetric solutioa of acid to the residue. — M-ee 
alhtli maj bo precipitatod from alcoholic solution of soap by 
pis'iuig throu'^'h a '-treani of ca.ibiinii and gas — A qitalltative 
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teM for free aUictli or alkalino carbonate is made by adding 
mercuric chloride to the soap solution ; a red-brown to red- 
yellow precipitate indicates free alkali — the fat acid salts forming 
only white precipitates. 

i. Then, for volumetHc determination of the combined 
aUcali of the soap, the soap pi-ecipitate is rinsed (with dilute 
solution of common salt) from the filter into a iDeaker, and 
decomposed by a five-times stronger than normal standard solu- 
tion ol' (hydrochloric) acid, added to beginning of acid reaction. 
After which the fat acid may be separated as a cake and weighed, 
according to c — a weighed quantity of beeswax or pai-afiin being 
added, if necessary to secure solidification, 

J. Determination of glycerin.. Take 10 grams of soap, 
dissolve in alcohol, add alcoholic solution of sulphuric acid until 
precipitation ceases, and filter. Add baric carbonate and filter 
again. Evaporate until all the alcohol is expelled, and weigh 
the sweet residue as glycerin (Senibb). Or, treat the filtrate 
from acid precipitation of the fat acids with basic subacetate of 
lead, filter, remove the excess of lead by hydroaulphm-ic acid 
and filtration, neutralize with hydrochloric acid and extract with 
a mixture of alcohol 2 vols, and ether 1 vol. Evaporate this 
solvent and weigh as glycerin (Vohl). 

h. A plan for delermmation of the coTistitteents of soap, 
viz.: (1) Carbonates and other salts, color substances and foreign 
matters; (2) Prce Alkali; (3) Combined Alkali; (4) Fatty 
acids with resin ; (5) Fatty acids without resin ; (6) Glycerin ; 
(7) Water.* 

For (1): Digest ten grams soap with alcohol (five or six 
ounces) on water-bath, filter and wash with hot alcohol in a hot 
funnel. Dry the residue at 100° C. and weigh. Analyze this 
residue by solution with water, by alkalimetry, etc. 

For (2) : Through the filtrate of (1) pass a stream of car- 
bonic acid gas ; if a precipitate forms, continue until its forma- 

* Sekieb ; "APit>ces3,"eti;., Am,. Jour. PJtar., 18T4, 8S3. 
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tion ceases ; filter and -w-ash and determine the alkali in the preci- 
pitate by a volumetric solution of (oxalic) acid. (See h.) 

For (3) : The filtrate from (2)— or if there was no precipitate 
ill (2), the filtrate from (I) — after the addition of about an ounce 
of water, is evaporated on the water-bath to expel all the alcohol, 
and the (combined) alkali therein determined (as Soda or Potaasa) 
by adding a normal solution of oxalic acid to acid reaction. 
(Compare i.) 

For (4) : To the mixture left in (3) add a little sulphuric 
a«id ; then add ten grama of previously melted beeswax, heat on 
a water-bath to fuse the wax, cool, weigh the cake, and subtract 
the weight of the wax. (Compare c.) 

For (5) : Dissolve 40 grams of soap in water, decompose by 
dilute sulphuric acid, cool at temperature below 14° C, separate 
and weigh the fatty acids ; then digest them for some time with 
a mixture of water with nearly as much alcohol, until the subsi- 
dent liquid (when the mixture has cooled aud the fatty acids 
again solidified) ceases to be milky. Weigh the fatty stratum 
again ; subtract the previous weight, and divide by four — for the 
resin in 10 grams soap. (Compare g.) 

For (6) : Proceed according to the first method under J. 

For (7) : Estimate by difference ; or by evaporation of another 
portion with alcohol and sand, as directed in a. 

68. 'HESIWS. Compounds of C, H, and O. Vitreous and 
mostly brittle solids (when unmixed), softening and melting 
when gently heated, but not vaporizable (distinction from cam- 
phors) ; mostly heavier than water. The class includes some 
substances of pungent taste, some of poisonous effect, and some 
of intense color. Mostly insoluble or but slightly soluble in 
water : mostly soluble in absolute alcohol ; by far the greater 
number soluble in ether and in benzole (means of separation from 
gums). Many resins are soluble in aqueous alkalies, by combi- 
nation as resin-soaps ; aiid in alcoholic solution show the acid 
reaction. 
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The resins of commerce include, first, vegetable exudates, of 
which the Eesins proper mostly contain some extractive matters; 
tlic Gum-resins being mixtures with gums ; the Oleo-resins, mix- 
tures with volatile oils (induding the source of common resin or 
colophony) ; and the Balsams, mixtures with volatile oils and 
acids formed by oxidation of volatile oils. Second, resins 
extracted from plants by alcohol, including some of both the Me- 
dicinal reains and the Color resins'. And, third, resins obtained 
from liquid plant juices which are dried as a part of the manu- 
facture; these including two bodies insoluble in alcohol, Caout- 
chouc and Indigo. 

89. The separation of reainafrom volatile oils is effected by 
distillation with water; from gums, by fusion and straining 
at 100° C. ; and from various bodies and from each other by 
action of the solveiits applicable in the case. See Recapitulation, 
99. Solution with alcohol and precipitation by pouring the solu- 
tion into water is by far the most generally applicable process ; 
solation with aqueous alkali and precipitation by acid may some- 
times be employed. 

70. The kksinous matter of Aloes is fusible on the water- 
bath ; insoluble in cold water, partly soluble in boiling water, 
freely soluble in alcohol, partly soluble in ether, scarcely at all 
soluble in chloroform, benzole, naphtha, bisulphide of carbon, 
freely soluble in aqueous alkalies and in glycerin. — Aloes yields 
paracumaric acid, as follows : The hot ammonjacal water solution 
is precipitated with acetate of lead, the filtrate freed from lead 
by dilute sulphuric acid, and this second filtrate is boiled in 
presence of the (excess of) sulphuric acid — forming (from resin) 
paracumaric acid in solution. The latter colors ferric chloride 
dark gold-brown. — The residue from an ammoniacal solution of 
material containing aloes, when saturated with hydrochloric acid, 
yields the odor of aloes. Farther, see Aloin. 

71, Ambeb Eesin. Amber contains Succinic acid. Volatile 
oil, and resin (two -resins). Amber is a hard and brittle, more 
or less transparent solid, of spec. grav. 1,065; tasteless, ai-o- 



. Google 



94 FUSIBLE SUJ!STA2i-CS:S. 



matic when rublDed or warmed, of various colors, chiefly yellow 
or orange. ^ — Suhjected to gradually increasing heat, it softens ; 
at 110° to 260° C, evolves a volatile oil colored blue by 
hydrochloric acid ; at about 235° C, evolves succinic anhydride ; 
at 287°, it fuses; at higher temperatures, yields firat a colorless 
oil, then a yellowish wax. — Amber resin is insoluble in water, 
alcohol (except -^ which is soft resin), ether, benzole, bisulphide 
of carbon, petroleum naphtha, volatile and fixed oils, but soluble 
in fixed alkalies (except a slight residue) and in concentrated 
sulphuric acid (with a red color). — Fuming nitric acid changes 
it to a nitrogenous resin of muskjike odor and gelatinous con- 
sistence — " artificial musk." 

72. Ammoniac Resin. Ammoniac contains 72 per cent, resin 
and US per cent, gums, and a little volatile oil. Ammoniac is a 
solid, soft when warmed, brittle when cold, of specific gravity 
1.207, whitish to yellow-brown and dirty gray, of a sweetish- 
bitter and acrid taste and strong peculiar odor. Ammoniac is 
partly soluble in water, alcohol, ether, acetic acid, and aqueous 
alkalies. Ammoniac Resin is wholly soluble in alcohol, in fixed 
and volatile oils, in sulphuric acid, acetic acid, and aqueous alka- 
lies, and partly soluble in ether. 

78. AssAFETiDA Resin. Assafetlda contains over 60 per 
cent of rosin, about 30 per cent, of gums, and about 4 per cent, 
of volatile oil (whereon its odor depends). Assafetida is a solid, 
soft when warm, and brittle when cold, of spec. gray. 1.337, 
having an intense fetid and alliaceous odor and a bitter, acrid, 
and persistent taste. Its color is variegated and altered, being 
on fresh surfaces whitish to yellowish, becoming reddish to 
yellow-brown on exposure, — The volatile oil is separated by dis- 
tillation with water, contains sulphur, and boils at 140° C, — 
Assafetida resin is readily soluble in alcohol, not wholly insolu- 
ble in water, nearly all soluble in ether, mostly soluble in 
alkalies. 

74. Benzoin Resins. Benzoin or " benzoin-gum " consists 
of about three-fourths part rosins, 10 to 15 per cent, of Benzoic 
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aisid, witli a little gum and a very littlo volatile oil. Benzoin is a 
brittle solid, of spec. grav. above 1.063, melting and evolving 
benzoic acid when heated ; of variegated colors, fragrant bal" 
samio odor, and little taste, with slight acrid aiter-taste when 
chewed. Benzoin resins (three have been identified) are all 
soluble in alcohol, in concentrated sulphuric aeid (from which 
water precipitates them violet), and in strong potassa solution, 
but insoluble in water. Eesin-cs is insoluble in aqueous carbon- 
ate of sodium, or in ammonia, but soluTlle in ether. Iiesin-5 has 
the solubilities above given for a, except that it is insoluble in 
ether. Resin-c is sparingly soluble in ether and in volatile oils, 
and soluble in aqueous carbonate of sodium. The ether solution 
of c deposits a sediment which has been considered a fourth 
resin. — Dry distillation of benzoin, after removal of benzoic 
acid, gives a rose-red distillate. 

75. Carauba Wax. Consists of myristic alcohol, resin, and 
other substance. It is a solid of spec, grav. 0.999, harder than 
beeswax, melting at 84° C, and of a greenish-yellow color. It 
is insoluble in water; dissolves with difficulty in alcohol, in 
ether, and in bisulphide of carbon ; dissolves readily in oil of 
turpentine, but not at all in linseed oil, and not in aqueous alka- 
lies. It is not changed by sulphuric acid, but is stained deep 
yellow by nitric acid. 

76. Caoutchouc. Fusible at 120° C. (248" F.) ; not vapor- 
izable. The larger part soluble in ether, benzole, bisulphide of 
carbon, petroleum naphtha, or oil of turpentine ; wholly soluble 
•in chloroform, and in a mixture of 100 parts bisulphide of carbon 
with or 8 parts of absolute alcohol. Sparingly soluble in hot 
amylic alcohol. Not acted upon by alcohol or aqueous alkalies ; 
slowly decomposed by concentrated sulphuric or nitric acid. 

77. CoLOPHONT. Resin of Turpentine. Common Resin or 
Rosin. — A pale-yellow to brownish-yellow, translucent, brittle, 
vitreous solid, of spec. grav. of 1,07 to 1.08; softening at 70° 
C. and melting at 135° C. At a higher temperature it euifers 
destructive distillation, forming "essence of rosin" and then 
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"rosin oil," — Insoluble in water; soluble in alcohol, ether, 
chloroform, benzole, petroleum naphtha (with much difficulty), 
volatile and fixed oils, niethylic alcohol, aqueous alkalies (fixed 
and volatile), anilin, and hot aqueous carbonate of sodium. The 
three constituents — pinic, aylvic, ajid colopholic (or pimaric) 
acids — vary iu solubility in certain solvents ; cold dilute alcohol 
dissolving only pinic acid. 

79. Copaiba Resins. Balsam of Copaiba consists of several 
resins and a volatile oil (a terpene). The most abundant of these 
resins, Copaivio acid (the proportion of which is very variable), 
is a brittle solid, cry stall izable in colorless rhombs ; soluble in 
strong alcohol, ether, benzole, petroleum naphtha, volatile and 
fixed oils, and aqueous alkalies. Its alcohol solution reddens 
litmus. Alcohol solutions of the alkaline copaivates, with alcohol 
solutions of salts of non-alltaline metals, on adding water, preci- 
pitate white metallic copaivates, more or less freely soluble hi 
alcohol. The silver predpitate is crystalline, and tho lead preci- 
pitate slightly so, — ^The oiAec resiiu are soluble in alcohol, ether, 
fixed and volatile oils, and aqueous alkalies. 

78, Copal. Spec, grav. 1.045 to 1.139. Brittle, softening 
at 50° C, more or less translucent, colorless to yellowish-brown. 
Consists of several resins. As a whole, it is imperfectly soluble 
in alcohol; slightly and slowly soluble in ether, bisulphide of 
carbon, ammonia ; slowly soluble in oil of turpentine ; readily 
soluble in oil of cajeput, or oil of rosemary, or " oil of caout- 
chouc." It is soluble in cold loncentrated sulphuric and nitric 
acids, decomposing when these solutions arc heated. Not 
soluble in alkalies ; but combines with alkalies in boiling solu- 
tion to form a &oap soluble in water not containing free alltali. 

80. Dammara Resin. AustraZinn. Dammaric acid with 
Dammaran — that is, an acid and a neutral resin, — Both resina 
arc soluble in absolute alcohol, ether, turpentine oil, benzole, 
petroleum naphtha, and solutions of fixed alkalies. The acid 
resin is soluble, the neutral resin insoluble in aqueous alcohol, — 
East Indian dammars (ordinary dammaia). Spec grav. 1 04 
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to 1.09, brittle, itielting when heatetl. PartiiJJy soluble in 
absolute alcohol, about -^-^ soluble in ether, fully soluble in fixed 
and volatile oils, benzole, and bisulphide of carbon, and in con- 
centrated sulphuric acid ivifh a red color. It is not soluble in 
aqueous alkalies. 

81. Deaoon's Bi-ood. A brittle, dark-brown, opaque, odor- 
less, and tasteless solid ; soluble (with red color) iii alcohol, 
ether, fixed and volatile oils, and mostly soluble in alkalies. 
The alcoholic solution forms red or violet precipitates with 
metallic salts. 

82. Gamboge Resin. Gamboge is over three-fourths resin ; 
the rest mostly gums, with a little starch. Gamboge is a brittle, 
pulveiTilent solid, of spec. grav. 1.22, burning when heated ; red- 
dish-yellow in mass, bright yellow in powder; nearly odorless at 
ordinary temperatures, but giving a pecwliar odor when heated ; 
a slight fu-st-taste but a sweetisli- acrid and dry after-taste when 
chewed, causing a flow of yellow-colored saliva. — Gamboge is 
easily emulsified with water, which dissolves gum froni it, the 
resin being slowly deposited; is readily soluble in alcohol (with 
3 little starchy residue), is soluble in aqueons alltalies, and yields 
its resin (only) to the solvent powers of ether, chloroform, bisul- 
phide of carbon, and benzole (slowly). Boiling solution of sodic 
carbonate dissolves gamboge gelatinous. Gamboge is wholly 
dissolved by the successive action of ether and water (separation 
from commercial impurities). — Gamboge Itesin ("gam bogie 
acid " — usually extracted from gamboge by ether) is soluble in 
cold, concentrated, sulphuric acid, with a red color, and precipi- 
tated unchanged by adding water to this solution (a characteris. 
tic reaction). Boiled with nitric acid of 10 to 15 per cent, anhy- 
dride, the mixture then dissolved in alcohol and then treated with 
water, a yellow precipitate is obtained (distinction from Sallroii 
orTurmerjc). — The aqueous alkaline gambogates are precipitated 
red by common salt, and give rftdi precipitates witli baric salts, 
yellow precipitates with zincic and plumbic salts, brown precipi- 
tates with cupric salts, and brownish-yellow wifh argentic salts 



— must of ihesR precipitates being somewhat soluble in \vater and 
ill alcohol. 

For the separation ofgamhoge resin from associated medi- 
cinal resins (Hagbb) the material is triturated with 98 per cent, 
alcohol (and pulverized heavy spar) at a gentle heat, and the 
extract so obtained is dried and digested with chloroform. Aloes 
resin, Convolvulin, and Colocynth resin are left behind (with 
a part of Agaric) ; while the gamboge resin is dissolved, with 
Jalapin, Guaiac resin, Myn'h,- Tolu resin. Senna resin (and 
a part of Agaric). The residue from this chloroform solution 
is now digested with boiling solution of sodio carbonate ; when, 
of those named above as in the chloroform solution, only the 
gamboge resin will dissolve (with traces of senna and agaric). 
Acids separate the gamboge resin from its soda solution. 

83. GuAiACOM. A brittle, pulveHzable solid, of spec, grav, 
about 1 .2, melting at a moderate heat ; of a faintly fragrant odor 
and persistent acrid after-taste. Its color is yeUowish-greon to 
reddish-brown ; the former color induced by exposure to the air. 
Water dissolves a one-tenth of guaiac resin, strong alcohol about 
nine-tenths, alcohol of 83 per cent, slowly dissolves it all. Ether 
and oil of turpentine dissolve about as much as alcohol ; benzole 
does not dissolve it. It nearly all dissolves in aqueous alkalies. 
Sulphuric acid dissolves it with a fine red color (and fonnation. 
of glucose and guaiaretin) ; the solution is precipitated violet 
with water, or violet- blue to blue-green by alcohol. — Guaiao resin 
is easy to suffer oxidation, Whereby bright colors are pi-oducod. 
The powder and the alcoholic solution turn green by exposure to 
the air, or blue by exposure to ozone. The alcohol solution is 
also turned green by nitric acid, and blue by nitrous acid, chlo- 
rine, ferric chloride, or by ethereal solution of binoxide of hydro- 
gen in presence of blood-stains. Hyposulphite of sodium changes 
the blue color to violet and then bleaches it ; sulphurous acid 
bleaches it slowly — or promptly if zinc has been placed in the acid. 

84. Hemp Resin. Cannabin, Resin of Indian hemp. — ^A 
light-brown, lustrous solid or soft solid, melting at 68° C, and 
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of ,1 fi'agraiifc odor and bitterish, acrid taste. Insoluble in water, 
scarcely soluble in. cold alcohol of 80 per cent., soluble in hot, 
strong alcohol, in ether, spirit of nitrous ether, chloroform, bisul- 
phide of carbon, cold volatile oils, and warm fixed oils. Insolu- 
ble in aqueous alkalies ; having a neutral reaetion. 

85. IsDiGO Blue. C^HjUO. Inodorous, tasteless, and 
neutral. Sublimes from the solid state, at about 288° C, with- 
out decomposition if in a current of air or iu vacuum, forming 
purple-red vapors iu open vessels, asd condensing in right 
rhombic prisms. — It is insoluble in water, cold alcohol, ethor, 
fixed and volatile oils when cold ; hot alcohol and hot oil of tur- 
pentine and hot fixed oils dissolving it very sparingly. Insoluble 
in aqueous alkalies. Soluble in creosote and in hot phenic acid ; 
soluble in concentrated sulphuric acid (as sulphindigotic acid). — 
Indigo blue is s^arated fcom fixed substances by sublimation 
firom platinum foil (good indigo having 7 to 10 per cent, of ash) ; 
and by the use of solvents which leave it in residue. It is valued, 
in numerous processes, by the quantity of chlorine or other 
bleaching agent necessary to decoiorize it. 

86. Jalap Ebbiks. Resin of Jalap, of the pharmacopceias. — 
A brownish, brittle, opaque, fusible mass, or yellowish-gray to 
yellowish- white powder; of a repulsive odor, slight at oi-dinary 
temperatures, but much increased on heating, and a pungent, 
acrid taste. — It is soluble in alcohol (with neutral reaction), in 
aqueous fixed alkalies and alkaline carbonates, and in acetic acid ; 
insoluble in volatile and fixed oils. — Eesin of jalap ( 
two distinct resins, Jalapin and Convolvidin ; that of phar 
pceial or Tuberose jalap being about one-ninth jalapin and eight- 
ninths convolvuiin ; that of Fusiform jalap, mostly jalapin. 

87. Jalapis (or Scammonin) is a soft amorphous solid, 
brittle at 100° C, melting at 150° C, white in powder, tasteless, 
inodorous, and nearly neutral in reaction. It is very slightly 
soluble in water ; freely soluble in ether, chloroform, methylio 
alcohol, benzole, petroleum naphtha, and oil of turpentine. Cold 
concentrated sulphuric acid dissolves jalapin; the solution be- 
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coming purple in five or ten minutes, then lirown, and lastly 
black. — It dissolves in aqueous alkalies or their carbonates, and, 
on acidulating these solutions, Jalapic (Scammonic) acid is 
liberated — as a body soluble in water and having a strongly acid 
reaction. The salts of jalapic acid are nearly all soluble in 
water, liut subacetate of lead precipitates it. — On heating Jalapia 
{or Jalapic acid) with dilute mineral acids, glucosio fermentation 
occui-s, with formation of jalapinol and glucose. Jalapinol is in- 
soluble in cold, sparingly soluble in hot water, soluble in alcohol 
and in ether; solnhlo in aqueous alkalies with combination as 
jalapinolic acid. Jalapinolic acid, liberatccl from its alkali salts 
by acidifying, is insoluble in water, but soluble in alcohol and in 
ether. Its lead and barium salts are nearly insoluble in water. — 
Jalapin and jalapic aoid are amorphous ; jalapinol crystaUizea in 
white cauliflower-like masses, melting at 63° C. ; jalapincdie &c\6. 
crystallizes in tufts of needles (four-sided prisms), melting at 
62° C. 

88. CoBvoLVDLiN (the larger portion of Tuberose jalap and 
a very small proportion of Fusiform jalap) is a brittle, vitreoua 
solid, melting below 100° C. when moist, or at 150° C. when dry, 
colorless and transparent in mass, or white in powder, inodorous 
and tasteless, and of a slight acid reaction. — Nearly insoluble in 
water ; soluble in alcohol, acetic acid, and aqueous alkalies and 
alkaline carbonates (as convolvulinic add) ; not soluble in ether 
(separation from Jalapia). — It dissolves slowly in cold concen- 
trated Bnlphurie acid, with a fine carmine-red color, after^vard 
changing to browji ; this change being a glucosic fermentation, 
with formation of convolvulinol and glucose. But dilute sul- 
phuric acid has no effect. — Convolvulic acid is formed in acidify- 
ing the alkaline solutions of conrolvulin ; it is a white solid, 
fusing above 100° C, having a strong acid reaction, and freely 
soluble in water and alcohol, insoluble in ether. Ita metallic 
salts are soluble, except that formed with basic acetate of lead. 

89; Lac Resin. Stick Lac consists of about two-thirds 
rfsiii, onc-tcnth coloring matter, with wax, gluten, etc. Seed 



Eii:siNS. 101 

Lac contains more resin and Jess coloring and nitrogenous matter. 
Sliell Lao is about 90 per cent, resins, 5 per cent, wax, 2.5 per 
cent, gluten, and 0.5 per cent, coloring. The coloring matter of 
lac is soluble in water ; is bright red with acids and deep violet 
with alltalies ; is precipitated by alum. 

Shell Lac is insoluble in water ; soluble in alcohol ; mostly 
soluble in methylic alcohol ; wholly soluble in aijueous alkalies, 
and in water solution of borax, and in hydrochloric and acetic 
acids. — Lac resin is separated from most other resins, and from 
many natural and commercial impurities, by dissolving in a solu- 
tion of ^ part borax and 20 to SO parta water to one part of lac. 
The solution may be diluted farther, (Good shell lac leaves not 
over 1.5 per cent, residue ; poor, as much as 8 per cent.) By 10 
per cent, ammonia at 25° to 30'^ C. lac is not dissolved, while 
Colophony dissolves and appears, after acidulation, as a precipi- 
tate. Cold ether (of 0.720 spec, grav.) does not dissolve more 
than 5 to 6 per cent,, chloroform not over7J per cent, from good 
lac, the dissolved part being wax with a very little resin (separa- 
tion from Colophony and other resins). 

80. Mastic. A translucent sobd, buttle ind inodorous at 
ordinary temperatures, but soft and ductile ^.then chewed and 
fragrant when heated, of a fiuntly terebmthinate taste Alcohol 
dissolves about four-fifths, leaving Masticin undissolved Ether, 
chloroform, and oil of turpentine dissolve it w holly. It is largely 
solnble in benzole. 

91. Mykrh Resin. Consists of resins, about -^ part ; gums, 
about -| part; with a very little soluble extractive. Myrrh 
forms an emulsion and partial solution with water, a nearly com- 
plete solution with much aqueous potassa, and yields its resin to 
alcohol, ether, and chloroform. — The Resin of Myrrh is readily 
soluble in alcohol, ether, chloroform; slightly soluble in hot 
solution of sodio carbonate ; about one-half part soluble in bisul- 
phide of carbon. That part extracted with bisulphide of carbon, 
when dissolved in alcohol and warmed with 25 per cent, nitric 
acid, gives a violet color. 
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92. Oi-iBAN'trM Eesiti. Frank in cense. Incense. — Olibanurn 
is about one-half part resin, one-third part gum, one-twelfth part 
volatile oil. The gum is soluble in water ; the resin is soluble 
in alcohol. 

93. Resin of Pbku Balaam. About i resina, ^ volatile oil, 
less than -^ cinnamic acid. The Balsam is of thuk sj lupj con 
sistenee; spec. grav. 1.15 (sinks in an 18 per cent solution of 
common salt). Soluble in absolute alcohol in all piopoit oiis n 
in 6 parts of 90 per cent, alcohol with slight tuibidity j.eifectly 
soluble in all proportions of absolute ether, chlcrofoim an I 
amylic alcohol. Bisulphide of carbon dissohes the gieatei 
part; benzole and petroleum naphtha dissohe about one halt 
It mixes with about ^ part of castor oil, and with |- j art copaiba 
balsam. Sulphuric acid convert the balsam into a thiol led 
mass. Aqueous alkalies dissolve out the resin. 10 of the b<il 
sam requires over 0.7 grams crystallized sodie caibonate tj ueu 
trallize its cinnamic acid. 

04, PoDOPHiLLUM EESiif, Consists of two re ns I s 1 il le 
in water; wholly soluble in alcohol; about f pirt soluble in 
ether ; wholly soluble in aqueous alkalies, fi-om which solutions 
acids precipitate it {distinction from resins of Jalip an! Scim 
mony). Insoluble in benzole, 

95. Sandarac. a brittle, yellow solid. Contains three 
resins. Sandarac is insoluble in water; wholly soluble m 
alcohol — |- part dissolving easily in cold ordinary alcohol a small 
part requiring boiling alcohol, and a still smaller part a lat^e 
quantity of this solvent for solution. It is easilj soluble m ether 
and in oil of turpentine, imperfectly soluble m bisulphide of 
carbon, benzole, petroleum naphtha, or linseed oil. Nitric acid 
colors it clear brown. 

9e. SoAMMONT Resin. ■ Convolvulin, See Jalapin (87). 

87. Resinous part of Storax. Consists of (two) resins, and 
Styracin or Cinnamate of Cinnyl (CjHjC,H,0,). Alcohol and 
ether dissolve the whole. In cold alcohol, the styracin crystal- 
lizes ill tufts of prisms. Styracin is tasteless and odorless, more 
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freely soluble ill ether than in alcohol. Ti-eated with hot nitric 
acid, or th chrom at d or v tl siilj.h e ae i and b nox le 
of ma gi eae t j elds be izoyl 1 j d de ( 1 of b tte al no d&) 

98 Pe u ot ToLU B 1 an Ti a Bal a co s st& ol hO to 
00 pel ce t of s n ibo t 1* pe ce t of c nnain c ac 1 a d 
loss than 1 per cen of volat le o 1 It s holly ol 1 le 
alcohol ci lo oforn volat Is o Is and aq eous alkal es pa tly 
soluble ether nsoluhle n benzole pet oleum napl tha b sul 
phide of ca bo a d ol t o of a i at ( sod urn Thp 
Rosins ot Tol 1 I n a s 1 He c Id e tratel & Ifl c 

acid, w t! ut ha y 

89 Separation of Eesins by Solvents Reeip t 1 t o 
— Water 1 s ol es ■» pi t ot tl e res of Assafet )a a p a t l 
Gamboge ab ut -^ ot Oua lo res a d si ghtlj d s 1 e 
Jalapin 

a. Alcohol fails to dissohe ^V ^^ Amber, CanaUba wax, 
Caoutchouc, a part of Copal, -^ of Guaiacum, Indigo blue (dis- 
solving slightly with heat), and \ of Mastic, 

b. Aqueous Alkalies (potassa or soda) dissolve Aloes resin. 
Amber, Ammoniac, Assafetida (mostly). Benzoin, Colophony, 
Convolvulin (with change), Dammara (Australian), Dragon's 
Blood (mostly), Guaiafium, Jalapin (with change), Lac resin, 
Myrrh, and resins of Podophyllum and of Peru and Toln bal- 
sams. — These solvents do not dissolve Canaliba wax, Caoutchouc, 
Copal, Dammara (East Indian), Hemp resin, Indigo blue. 

c. Ether dissolves resin of Aloes, Ammoniac (in part), 
Assafetida resin (mostly), Benzoin (in part), Canailba wax (with 
difficulty), Caoutchouc (mostly). Colophony, Copal (with diffi- 
culty), Dammara (in part), Dragon's Blood, Gamboge, Guaiaoum 
(ill greater part), Hemp rrain (Cannabin), Jalapin, Mastic, resin 
of Peril balsam, J of Podophyllmn resin, Sandarac, Styracin, 
and resin of Toln balsam. — Ether does not dissolve Amber, 
Indigo, and J of Podophyllum resin. 

d. Chloroform dissolves Caoutchouc, Colophony, Gambc^e, 
Hemp resin (Cannabin), Jalapin, Mastic, Myrrh, 
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re,sin of Peru balsam, resin of Senna, resin of I'olu balsam. 
— Ciiloi'oforin does not dissolve Agaric (In chief pai't), resin of 
Aloes, resin of Coloeynth, Convolvulin. 

e. Bisulphide of Carbon dissoloes Canaflba wax. Caoutchouc, 
Copal (slowly), Dammara, Gamboge, Hemp resin, ^ of MyiTh, 
resin of Peru balsam, Sandarac (in part). — It does not dissolve 
Amber, Indigo blue, -^ of Myrrh, resin of Tolu balsam. 

f. Benzole dissolves Caoutehoue, Colophony, Dammara, 
Gamboge, Jalapin, Mastio (mostly), ^ of the resins of Porn 
balsam, Sandarac (in part). Benzoic does not dissolve Amber, 
Giiaiacum, resin of Podophyllum, rosin of Tolu balsam. 

ff. Oil of Tnrpeatine dissolves Ammoniac, Benzoin resin (in 
part), Canaiiba wax. Caoutchouc, Colophony, Copal (slowly), 
Dammara, Dragon's Blood, Guaiacum (mostly), ITomp resin, 
Jalapin, Mastic, Sandarac, i-esin of Tolu balsam, — It does not 
dissolve Amber, Indigo (without heating). 

h. Sulphnrtc Acid, concentrated, cold, dissolves Amber (with 
rod color). Ammoniac, Benzoin resin, Convolvulin (with red 
color turning brown), Copal, Dammara (with red color), Gam- 
boge (with red color), Guaiacum (with red color, etc.). Indigo 
blue. — It does not dissolve Caoutchouc, 

100. VOIiATItE OILS. In composition, 1st, Hydrocar- 
bons, or " cliBoptenes," mostly of the formula (C^,Hj,)m, a. 
large class; 

2d, Oxidized oils (C,H,0), including (1) hydrates of hydro- 
carbons, the " steai-optenes " or camphors, a moderate number 
being found alone and a largo number in mixtures with the elce- 
optenes, (2) aldehydes, (3) compouod ethers, generally in natural 
mixture with elaioptenes, (4) of irre^gular composition ; 

3d, Sulphurized oils (C, H, O, S), a small class, products of 
natural fermentation, and having odors resembling each other. 

101. Mostly liquids, a few oils and stearoptene parts of oils 
melting at a little above ordinary temperature;, the greater 
number lighter, a few heaviei", than water ; very slowly volatile 
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at ordinary temperatures, mostly having boiling points above 
150° C, but all distilling, slowly, witli steam at 100° C, and 
leaving a transient oil-spot on paper. They are noted for strong 
and persistent odors ; colorless, or with pale colors, in a few 
instances tinted blue with ecerulein, transparent and possessed of 
strong refractive powers. — The volatile oils are neutral in reac- 
tion/ not generally liable to decomposition or combination 
exc«pt with oxygen. By air and light many of them alter and 
form resinous bodies ; the elteoptenea forming stearoptenes, and 
{by oxidizing agents) aldehydes forming acids. 

103. Volatile oils are very sparingly soluble in wat«r, requir- 
ing intimate mixture and generally from 600 to 1,000 parts of 
Witter for solution; soluble in alcohol, and in all proportions of 
absolute alcohol, ether, chloroform, benzole, petroleum naphtlia, 
bisulphide of carbon, fixed oils and other volatile oils. Alkalies 
do not aifect them.— -Certain oils, after distillation with water, 
retain traces of water in solution. This occurs with oUs of ber- 
gamot, cinnamon, cloves, juniper, lavender, lemon, rosemary, 
sassafras, spike, wintergreen ;' not with oils of amber, cedar, rue, 
turpentine. The presence ' of water is shown by turbidity on 
mixture with several voluines of petroleum naphtha (Leuohs). — 
Volatile oils are scarcely at all soluble in aqueous solutions of 
chloride, nitrate or sulpliate of sodium. 

103. The volatile oils are cJiaracterized by their individual 
odors, their physical properties (as stated above and in 105 and 
106), by vai'ions special reactions (the most of which are stated 
in 107 to 114), by their refractive indices and their absorption 
spectra, and by tlieir cohesion-figures when dropped upon a still 
surface of pure w^at«r.* 

104. VolatUe Oils or© separated from substances more 
or less volatile by their distillation with steam ; from many sub- 
stances by their slight solubility in water (farther lessoned by 
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common salt) and ready solubility in alcohol, ether, etc. — J<'rom- 
Fixed Oils they may he separated hy diatillation with water ; 
by solution in alcohol {not from castor oil) ; or by alkaline 
saponification of the fixed oil. 

M-om Alcohol, they may be separated {in gi-eater part) by 
addition of water; {in part) by addition of fixed oil; {in part) 
by addition of dry chloride of caloium, and {with a little loss) 
by repeated distillations with water. — ^Also {qualitatively) by 
adding to 5 or 10 drops of the oil, in a test-tube, a fragment of 
dry tannie acid, agitating, and leaving several hours at ordinary 
temperature, hi absence of alcohol, the tannin remains solid, 
porous, and floats ; in presence of alcohol, it becomes pasty or 
liquid, and adheres to the glass or sinks {Hagee). — Farther, 
volatile oils may be {quantitatively) separated from alcohol by 
glycerin {Hagbr) : In a graduated cylinder place 10 parts of the 
mixture of oil and alcohol and 10. parts of a mixture of -| gly- 
cerin and ^ water, agitate, and set aside a few hours for separa- 
tion. Read off at about 17.5° C. {Oil of Bahn is soluble in 
glycerin.) — Separation of volatile oils {or of Camphor) from 
alcohol may be made by water solution of nitrate or sulphate 
of sodinm much more nearly than hy water alone, and for 
approximately quantitative pui-poses. In a flask with a gi'aduated 
neck, or a wide cylinder having ittf upper third naiTowed and 
graduated, place about 3 vols, of a half-saturated solution of the 
salt and add 1 vol. of the alcohol solution of oil or camphor, 
agitate thoroughly, add enough of the salt solution to adjust the 
surface to graduated portion of the measure, and set aside at 
30° to 25° C until the liquids separate clear. The c.c. of oil 
multiplied by its spec. grav. equal the grams. For camphor 
(and if desired for oils) the process may be completed gravi- 
motrically, by adding about S parts of exactly weighed paraffin, 
fusing {inserting a platinum hook), and weighing when cold. 
Compare 67, c. 
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;»«.„„;. 


„„„.,,„,.„„. 




Sppc.Orav. 


A„b.,, . 


TellowisSi or redOish-bi-owa. 


Colorless oi 
yellowish. 


0.30-0.8S 


Aniso, . 


Pale yellow to yellow. 




.98— .aa 


Ealoi, . . 


Yellovrfsh. 






85— .80 




Yeltowish-greea orbrown-yel 

low. 
Yellowish, growing darkor. 


Colorless oi 
yellowish. 




88- .63 


Bitter Almond, 


1 


Ot-1.06 


SLTi, : 


Green. 


Colorless. 




fli— .94 


Pale yellow. 






8S- .95 


Camphor iof 1 of) 








U 


Caraway, . 


Pale yel'w, erowing brownish 


Colorless, 




91- .9.{ 


Cardamom, 


Greenish-yellow, 






93— .96 


Cascarilla, . 


DarkjeUow. 
Dark blue. 






no— .93 








91- .94 


■' RoniBn, 


Light blue, 

Yellow, becoming darker. 








Cinnamon, . 




1 


03-1.08 


" (Cassia), 


Light yellow to dark yellow. 






03—1.08 


Cloves' . 


Brownish-yellow. 




1 


03-l.OC 


Copaiba, . 


Colorless or yellowish. 


Colorless. 




87— M 


Corimider, . 


Yellowish. 






87- .80 


Cubeb, 


Colorless. 






93— .IM 


Cummin, . 


YeKowish. 






90- .07 


Dili, . . 


Yellowish, bocomiiiK red-br'n. 






68- M 


KJT"'. 


Colorle^ 








Colorless, growing yellowiah. 
Yenowish. 






90— .00 








99- .93 


Galangal, . 
Geranrnm, . 


YeUowish. 






91— .93 


Yellowish. 






90— .91 




Light yellow. 

Pale brawnish yellow. 






9t 


&..; : 






93- .91 


YeUowish. 






Juniper wood, 
"^ berrlea, 


Colorless, yerwlsh or greenish. 






Colorleas. 


.84— .89] 


Lavender, . 


Colorless growing dai-ker. 






61— ,90- 




Yellowish. 


Colorless. 




615- ,865 


M^?'. ." 


Pale yellow. 


Colorless. 




87- .95 


Marjoi-ani, . 


Clear yellow. 






89— .93 


Myni, . 


Colorless or yellowish. 




1 


10-1.13 




Pale yrflow, darfcenii^. 
Colorleas, growing yellowish. 
Yellowish. 






90— .93 


Orange flowers, 






85— .9:) 


Orange peel. 


Colorless. 




83— .85 


Origanum, . 


Yellowish to brown-ydlow. 






80— .90 


Parsley, 


Yellowish. 




1 


03—1.04 


Pepper pilaefe). 


Yellowish to clear-brown. 






85— .89 


Peppermint, . 


Pale yellow, or greenish iri-i 




Pimentofallspice) 


Colorleas to yeUowiah. 




.89— .Se 




Colorless or pale yellow-sreen. 
Colorle^ reddish, or yePwish; 
concrete below 30° C. 




.83— .oa 


Koses, . ' : 




.63- .84 


Rosewood, . 


Pale yellow. 
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1^ xf.utral substaxces, liquid oli fuhiiilk. 
105, Color akd Specific Gravity of Volatile Oils.— 
ContinueiJ. 



„..,.0,„. 


color OT..C....O.. a.«.gW»- 


Spec. eroT. 


Ituo, , 


Yellowish. 




.85— .00 


Kage, . . 






,88— .99 


Sassafras, . 


Yellowish to red-yellow. 




1.06— LOS 


Saviue, . . 


Colorless or yeUowIdi. 




.89- .93 


Spearmint, . 


Yellowish, becoming dark, 
red -brown. 






Tansy, 


Palo yellow or green yellow. 
Colorless. 




.90— .06 


Turpentine, 






VaSln, '. '. 


Tellow-ffreen, red-hrown. 






Yellow-brown, green-brown. 




.90-!Ba 


■VVormseed (fean- 


Reddish. 'CoIorlesFi. 


1,14—1.17 






toniea), . 


Brownish-yellow. 




Wormwood, 


Green. 


.83— .93 


ySg-'5lBnk, '. 


Dark-blue. 


.87— .m 




,98 



106. Solubility of Volatile Oila in Alcohol of sp. gr. 
0.822 (90 per cent.) 

Take, in a test-tube, from a minim measure, 3 or 10 minims 
of tlio oil, and then as many minima of the alcohol as required, 
V ith agitation, to dissolve. The oils whieh form solutions more 
or loss turbid aro given with figures in heavy type. It will be 
boi-no in mind that oils aro less soluble when old than 'H'hen 
fresh. Also, that mixtures of oila usually have solubilities mid- 
way between those of the individual oils therein. 



Alcohol requi 


■M 


at 17" tc 


30= C, for 1 vol of 


oil of 


Amber, 


. SKvols. 


Cinnamon, . 


1 vo 


Anifie, 








" (Cassia), . 




Balm, . 






s " 


Cloves, 


1 


Bergamot, . 








Copaiba, . 




Bitter Almond, 








Cubeb, . . - 




Cajeput, . 






11 " 


Cummiu, . 


1 








1 ■ " 


Fennel, 


lto3' 


Caraway, . 




34 to 1 " 


Juniper berries, 


10 ' 






H to 1 " 


Lavender, . 


1 .' 


Chamomile, 






8 


Lsmoii, . 


60 ' 
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VOL 


177 


h- OILS. 


Mace, . . 


_. ^ 




Pue 


Marjoram, , 


. 1 




Saj,*. 


OraJige flowers, . 


. lt> 




Sa^me 


Orange peel. 


. 5 




Tunsi 


Parsley, 


. S J 




Turpentine 


Peppi^rmiiit, 






ctifle I, 


Rosemary, . 


. Itj, 




■V alenan, . 


Roses, 


50 to 70 




"Wormwood, 



107. BQactiou of Volatile Oils with Iodine and Bro- 
mine. (1) When about 0.1 gram of dry pulverized iodine is 
placed at ordinary temperature in a ■wateh-glaas and 4 or 5 drops 
of the oil are dropped upon it : 

(a) Giving inatantaneoua reaction, with muoh heat and 
Oils of 



Bergamot, 
Euoalyptus, 
Mops, 
Lavyiidei-, 


Lemon, 
Macs, 

Orange flowers, 
Oi-ange peel. 


Savine, 
Turpentine, 
Wormwood (old). 


(h) Generat'tny 
Oils of 


slight heat, with gentle ^fervescence 


ADise, 
Balm, 
Caraway, 

Cubeb, 


Dill, 
Fennel, 


Sage, 

Sflssafi-as, 

Thyme. 


(o) Gioiiiff no reaction, or vm-y slight: Oils of 


Bitter Almond, 
Ca;Jeput, 
Calamus, 
CascariUa, 
Ciimamon (Ceylon), 


Cinnamon (Cass 
Cloves, 
Mustard, 
Parsley, 

Hoses, 


a). Rue, 

Sassafras, 
Thyme, 
Valerian, 
Wormwood (trcsh). 


(2) Upoa 5 or 6 drops of the oil, o 
of bromine is let fail (Maisch). 


1 a watch-glass, one dro 


(a) Giving detonation with Oils o 




Bergamot, 
Hedeoma, 
Juniper berries. 


Juniper wood, 
Turpentine. 
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NEUTUAL SVBSTANCES, LIQL'ID GJ! FlSTfUE- 

(i) Giving a Jmsiiig sound with Oils of 



(3) To 5 or 6 drops of the oil, on a wateh-glass, add 5 drops 
of ether solution of bromme (1 vol. bromine to 5 vols, officinal 
ctlier, added slowij, while cooling, just before use),* 

(.a) Vapors evolved with Oils of 
Copaiba (green color ; afterward brownlsh-greea with brown sediment). 
Cubei) (violet color, deepening ; afterward dark greenish-blue, wltJi 'violet- 

black sediment). 
OrangB peel (yellow color soon appears ; afterward pale brown and 

transparent). 
Patchouli (deep violet color, deepening ; sediment dark brown). 
Sassafras (at first cloudy ; afterward pale brownish-yellow). 
Spearmint, old, yellowlah-red (color changes to yeilowieh-brown ; sediment 

lighter). 
Wintergreen (formation of a reanous white snbstance, spreading over the 

glass). 

(b) Vapors not evolved with Oils of 
Anisa (white color ; with more bromine, yellowish-rod). 
Bergamot (color greenish-brown yellow, then reddish-brown yeUow). 
Bitter Almond (dissolves without reaction ; after evaporation of the ether, 

two liq^ulds separate — one deep, the other light red). 
Cajoput (supernatant linuid scarcely colored ; appearance of green 

droplets] , 
Calamus (colors red-brown, brown-gTeen ; SaaUy a dark sediment). 
Caraway (little reaction ; sediment yellowish-brown). 
Cinnamon (color lemon-yellow, turning to amber-brown). 
Cloves (color greenish ; lower stratum alters to pale grayish-black). 
Hedeoma (color changed to purplish and darkened ; liquids not miscible). 
Lavendar (light greenish, darkening to deep seargreen). 
Lemon, oM (brisk reaction ; colors reddish-yellow and greenish). 
MustaiTl (misoibl^ colorless ; afterward milk-white). 

* MiisoH ; Froc. Am. Phnr. A., 1859, 338. 
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VOLATILE OILS. \\l 

Niitmag (at fiist oolorless ; tiiB lower stratum then browiiisli lui'l milky to 

Peppermint (colors — yellowish, then reddish, then brown — thickening). 

Eosemary (colorless ; aftarward lower sti'atum is light-brown). 

Rue (at first cJoudy, then pale brownish yellow). 

Valerian (at flrst purplish-black ; then upper stratum deep violet, lowei- 

greenish-black, mai^^inal blue and red spots). 
Womiseed (i-eaction is slow ; heavier liquid red to brown ; lighter liqiud 

light brown and almost clear). 
Wormwood (darkens a little without movement). 

108. Beactiou of Volatile Oils with Sulphuric Acid 

and Alcohol {HAOEa's Method). In a test-tube of about 1.3 
centim. (0.5 inch) diameter, 5 or 6 drops of the oil are agitated 
with 25 to 30 drops of concentrated sulphuric acid, aiber which 
it is noted how much heat and how much turbidity, if any, have 
been produced. When the liquid, if heated, has cooled again^ 
8 or 10 CO. of 90 per cent. Eiloohol are added, with brisk shaking 
while the test-tube is closed by the finger. Now the production 
of o»Ior and of turbidity are noted. In case of tnrbidity, ^er 
standing, a subsident layer usually appears, having a character- 
istic color, and being soluble in cold or in hot alcohol or in 
chloroform. 

{a) The mixture of oil with acid and alcohol, is clear and 
tratisparent, or hul very slightly turbid, in case of Oils of 

Amber (wiHi sulphuric acid, not heated, dark yellow and tarbtd ; after add- 
ing alcohol, yellow, slightly turbid, mada clear by boiling). 

Anise (with the acid, in part dark red and thick, and in part cleEir and lim- 
pid ; witiithe alcohol the thick part remains dark and undissolved, 
while the liquid part is clear and nearly colorles^. 

Bitter Almond (witli the acid, a brown color and much beat without turbi- 
dity ; with the alcohol, a clear and nearly colorless mixture). 

Cloves (witii tlie alcohol, the mixture is nearly or quite clear). 

Dill (with acid, generation of heat and vapors, with dark yellow-red color 
and some turbidity ; with alcohol, a pale cinnamon-brown mix- 
ture, nearlyor quite clear— fully clear on boiling). 
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U^ XErTBAT. SUBSTANCES, LTQUW OR FUSIBLE. 

Peunel {witli Eicid, heat and Tapors, the mixture dark red and pretty clear ; 

with alcohol, yeUowish, clear solution). 
Mustard (with, aeld, very Utile heat, yellowish tint, clear ; with alcohol, 

colorless and clear). 
Nitrobenzole or "ai'tificial oil ot bitter almonds " (without turbidity). 
Peppermint, best (with the acid, slight heat and yellow-red color ; witi the 

alcohol, Ughtred, slightly turbid mixture, made clear by boiling). 
Peppermint, American Jwith the acid, heat and dark brown-red color ; 

with the alcohol, brownish and turbid, made clear by boiling). 
Koses (witli acid, heat, thick vapors, and dark brown-red color ; with alco- 
hol, brown, clear, and transparent). 
Valerian (with the add, heat and slight vaporization, darit red color, slight 

turbidity ; with the alcohol, red, turbid, but rendered clear by 

boiling). 

(p) The mixture of oil with acid stnd aleoho! is left more or 
less turbid, in case of Oils of 

Balra (with acid, heat, vapors, brown-red color, and turbidity ; with alco- 
hol, cinnamon-bi'own, somewhat tui'bid ; after boiling bBcomes 
clear with separation of dark drops). 

Bei'gamot (with, acid, heat apd vapors ; the alcohol solution pale gi'ayish- 
yellow turbid, with flocculent separate after shaking ; after one oi- 
two days, the residue is but slight and divisible on shaking, the 
liquid being clear yellow). 

Cajepiit (with acid, heat and vapors, light yellow color and turbidity ; with 
alcohol, pale rosa-^ay turbidity, made oleai-er by boiling). 

Caraway (with acid, heat and vapors, dark yellow to red-brown color, tur- 
bidity ; with the alcohol, a red and turbid mixture, made nearly 
clear by boiling). 

Caseaiilla (with acid, heat and vapors, dark brown-red color, turbidity ; 
with alcohol, the same ; an liour after boiling, dark brown-violet 
to bluish-rod). 

Cinnamon (Cassia) (with acid, a strong heat and vaporizatJon, dark black- 
brown, very thick mixture ; after the alcohol, the dark viscid 
mass remains mostly insoluble, with a milky olivo-grceu liquid 
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Copaiba (witli tiio acid, heat and vapois, the color dark yellow-j'ci, with 

turbidity ; with alcohol, red and turbid, not made clear by 

boiUng). 
Coiionder (with sulphui-ie acid, heat and vapors, dark red color, searcoly 

tui-bid ; with alcohol, dark brown, with green shade, and turbid]. 
Eucalyptus (with sulphuric acid, heat and vapors, light reddish-yellow 

color, with turbidity ; with alcohol, very turbid, with whitish- 

peach-blow or pale rose-gray color). 
Geranium (with acid, much heat and thick vapors, turbid, dark yellow-red ; 

with alcohol, turbid and dark brown ; after boiling, tm'bid and 

red-brown). 
Juniper berries (with acid, heat and vapors, turbid, dark-yollow-rod ; after 

tho alcohol, very turbid, sometimes flocculent^ of blackish-rose 

color ; after boiling, turbid ; after a few hours, a light-colored 

resinous mass separates). 
Juniper wood (with acid, heat and vapors, turbid, orange-rod ; with alcohol, 

pale yellowish, turbid before and after boiling). 
Lavender (with acid, heat and vapors, turbid and brown-red ; with alcohol, 

turbid, dark brown with green tint). 
Lemon (like Bergaraot oil : after one or two days, the slight residue forms 

opaque yellow drops not divisible by shaking). 
Mace (with acid, heat and vapors, turbid, dark red ; with alcohol, b-rbid 

and dark rcddieh-brown, not made clear by boiling). 
Marjoram (with acid, heat without vapors, turbid and yoUow-red ; with 

ideohol, very turbid, paach-blow and almost milky ; turbid after 

boiling). 
Orange flowers (with acid, heat and vapors ; after alcohol, turbid and bi'own, 

approaching i-ed ; after boiling, a little darker and less turbid). 
Orange peel (with aoid, a strong heat, tnrbidity and red-bl-own color ; with 

alcohol, whitish-yellow ; turbid before and after boiling). 
Pai-sley (with acid, a moderate heat and a little vapor, very darkrcd ; with 

alcohol, very turbid, red, with swimming flocks). 
Rosemary (with acid, strong heat but no vapors, yellow-red and turbid ; 

with alcohol, milky tm-bid ; turbid after boiling). 
Rue (with acid, teat and vapors, dark red, turbid ; with alcohol, raspben-y- 

red, turbid ; clear after boiling]. 
Sago (like OU of Rue). 
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Savine (with acid, strong heat without Tapors, moderately tu,-lild, dm-k red; 
with alcohol, tuihid, reddish-clay-colored ; after lioiling, leES tui'- 
bid, pale red). 

Tansy (with add, heat and vapors, dark red, turbid witli alcohol, yellow- 
red, lesa turbid ; after boiling, deal'). 

Thyme (with acid, heat and vapors, red, turbid after aicohol ; after boiling^, 
clear, with swimming oJl-drops). 

Turpentine (deviating greatly from differences of production and of age). 

Wormseed (Santonica] (with acid, moderate heat and vapors, dark red, tur- 
bid ; with alcohol, ciunamon-fcrown, turbid ; becoming clear on 
boOing). 

Woraiwood (with acid, heat and vapoi's, red-brown, turbid ; Vith alcohol, 
dark, green-violet, opaque, turbid ; heooming clear with more 
alcohol). 

Ylajig-TlaBg (with acid, heat and vapors, turbid and dark red ; with alco- 
hol, pale brick-red and vary turbid, less turbid after boiling). 

109. EeacJtion of Volatile Oila on Sulphide-of-Lead- 
Paper (G. Williams). Blotlmg-paper ' is wetted in a dilute 
alcoholic solution of acetate of lead ami dried in an atmosphere 
of hydrosnlplmric acid, A few drops of the oil are let fall on 
a strip of this paper, wbich is placed in a (dry) dark place for 
5 or 10 or 15 hours, when the degree of bleaching is noted. 

The paper is bleached by Oils of Lavender, Peppermint, 
Rosemary, Turpentine, The paper is not Meached by Oils of 
Anise, Bergamot, Cajeput, Cinnamon, Juniper beiTics, Lemon, 
Orange peel. Sage, Thyme. 

110. BeaotioQ of Volatile Oila with Sodium (Uracen- 
doiiff). The Hydrocarbons are not affected; the Oxidized oils 
are more or less readily decomposed. Ten drops of the oil are 
treated with a small piece of the metal. Tlio result is discovered 
after 5 or 10 minutes. (Alcohol causes a prompt reaction, with 
evolution of hydrogen.) Little oi" bo change occurs with Oils 
of Amber, Bergamot, Copaiba, Lavender, Lemon, Nutmeg, 
Pepper, Peppermint, Rosoinary, Sage, Turpentine. Oil of Mus- 
tard evolves hydrogen. 
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111. Identification of Besinified or Old Oils, or of 

Eesiijs or Fixed Oils in mixture with volatile oils. Evaporate 
1 gram of the oil, on a tared watch-glass, at 70° to 90° C. (or 
over the water-bath). Presh and iinchaiiged oils, free from mix- 
ture, leave only a scarcely perceptible and cot weighablo 

This residue, fully freed from volatile oil, may be tested for 
Castor Oil, by treatment for cenanthyc acid, as described under 
Eiuinoleic Acfd (46). 

112. Identification of Turpentine Oil. The sparing 
solubility of this oil in. aijueous alcohol affects its mixtures with 
otlier oils, but does not enable it to be separated. The alcohol 
should be 75 to 90 per cent. — Heppe's test is with nitroferri- 
cyanide of copper — ^prepared hj precipitating solution of sulphate 
of copper with solution of nitroferrio) inide of sodium, and 
wasJiing and drying the precipitate. In a t«st tube place i bit 
of this reagent as large as a pea, then about 25 diops of the oil, 
and heat, so as finally to boil for a few seconds, and stt aside to 
subside. Turpentine oil (also lemon oil) does not sufler ohnogej 
or more than slight change — while the sediment of nitiuteincj 
anide is green or blue-green. Other volatile oilb are darkened 
to different colors ; while the sediment of coppei silt m ara\ , 
brown, or blacl;. 

118. Identifloation of Valerian Oil One lup^f th oil 
is dissolved in 15 drops of biaulpliide of tail )n thei ihalten 
with sulphuric acid, and afterward one diop of nituo acid ot 
spec. grav. 1.2, is added, A fine blue color lesults when e\en 
slight portions of the oil are present (Fluci-iceb) 

114, Identifleation of OH of Peppermint 50 to 70 
drops of the oil, with 1 drop of nitric acid of spec gia'v 1 2*1 
turns faintly brownish, and ait«r an hour oi two btLomts fluf if. 
cent — blue-violet or green-blue by transmitted and copper-eolor 
by reflected light (Fluckiger). — Chloral hydrate, on contact 
nith oil of peppermint, colors it reddish. The tint deepens to 
cherry-red, is intensified by sulphuric acid, and varied to dark 
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(iolet by chloroform. (No color ia obtained with oils of lemon, 
bergamot, juniper, rosemary, cloves, anise, or fenneL) 

For qualitative sepai'ation of Benzole from volatile oils, see 
119; of Nitfobenzole from Bitter Almond Oil, see 120. 

115. CAMPHOR,. C„H,50. Laural Camphor.— A slightly 
unctuous, pellucid solid, friable with cleavage, of specific gravity 
0.985 to 0.996 ; melting at 142° C. (288= F.), slowly vaporizable 
at ordinary temperatures, condensing in hexagonal plates, boiling 
at 204° C. (400°F.) \t\s soluble m 1,000 parts of water applied 
by «rdinary contact,* or in 150 to 200 parts of water by tritura- 
tion with an insoluble powder ; freely soluble in alcohol, ether, 
chloroform, benzole, petroleum naphtha, methylic alcohol, amylio 
alcohol, creosote, acetic aeid, mineral acids, bisulphide of carbon, 
fixed and volatile oils, and forma a liquid mixture with solid 
chloral hydrate. — Minute particles of caoiphor, dropped upon 
water, rotate, with velocity in proportion to their smallness. 
If an oiled pin-point is then touched to the water, the rotations 
are stopped, and the camphor particles carried out by the 
enlarging circular oil-film. 

By prolonged boiling with concentrated nitric acid or per- 
manganate of potassium, camphor is changed into Camphoric 
Acid. The latter is sparingly soluble in water, from which it 
ci-ystallizea in colorless scales or needles, of sour and bitter 
taste, melting at 70° C, and forming insoluble salts with lead 
and many other metals. — By heating in a closed vessel with 
bromine, Bromated Camphor is formed, as a crystallizable solid, 
not soluble in water. 

116. CIIEOSOTE, Chiefly Creosol, CgH,,Oj, and Guaiacol, 
C,HgOj. An oily limpid liquid, of spec. grav. 1,060 to 1.085, 
colorless or yellowish (growing brownish in the light), boiling at 
200° to 206° C. (392° to 403° F.), having a neutral reaction, a 
strong and persistent smoky odor, and a very caustic and smoky 
tasted; It is soluble in 60 to 90 parts of water, in all proportions 
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of liloohol, ether, chlorofoi'm, benzole, petroleum naphtha, fixed 
!iik1 volatile oils, anhydrous glycerin, acetic acid, sulphurto acid 
(with combination and brown color), and in an eijual part of 
bisulphide of carbon. It is soluble in aqueous alkalies — forming 
instjible salts. It dissolves (and 'in commerce usually contains) 
about 3 per cent, of water, from which it is separated by mi.xture 
M'ith a largo quantity of benzole. 

Creosote resembles Ph&nio Aeid, in most of its physical 
properties, and in its reactions with nitric acid, ferric salts, bro- 
mine, gelatin, and albumen. It is cJistinguiahecl from FJienio 
acid by not ci^stallizing when pure; by gelatinizing ^collodion ; 
by not giving a blue color with ferric salts in a slightly alcoholic 
and sufficiently dilute solution of ferric chloride, as specified 
under Phenio acid, 35, c (riuckiger'a test) ; by not foi-ming a 
clear mixture with a double volume of 18 to 20 per cent, ammo- 
nia, or with 5 volumes of ordinary (slightly aqueous) glycerin, 
or witli a greater volume of bisulphide of carbon; and by 
more sparing solubility in water. 

117. AKTHHACEKE. C„H„. A colorless solid, crys- 
tallizing in the monoclinic system, often in foui- or six-sided 
tablets, having spec. grav. 1.147, melting at about 212° C, sub- 
liming slowly from the solid, and distilling rapidly at 300° C. 
When pure, the crystals show blue or violet fluorescence. It is 
tasteless and odorless, but its vapor at the distUling point is dis- 
agi'ecable a d tat n^ — It s insoluble in water, sparingly 
sohible a cold de at ly soluble in hot alcohol, soluble in 
ether, be zole idol of turpentine. — It is not affected by 
alkalies s a ted on by t e acid, and dissolved with green 
color by s Iph c ac d A^ tl piotic aoid, in saturated alcoholic 
solution t fo a alt c ystall zing in red needles; 

118. AUZABIIir. C,^H^Oj. A yellow to red-yellow solid ; 
by sublimation (at 215" C.) crystallizing anhydrous in red 
prisms, and from fiolutions crystallizing in goldcu seales of the 

Coo;;lc 
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hydrate. — Slightly sol lie ate soluble in Ic hoi and ether 
(with yellow color) ad co centrated sulphur o acid (with 
brown color) ; soluble n aqueous alkil es a d alkaline carbonates 
(with purple color) ; the-se aolut ona be ng prec p tated (orange) 
by acids, in good part eve by caibo c icd gas The ammo- 
niacaJ solution, with salts of magnesmm, iron, copper, and silver, 
forms purple and iridescent precipitates ; the potassa solution is 
decolorized by lime-water, and the alcohol solution is decolorized 
by alumina with formation of a red precipitate. 

119. HEKZOLS. C,H,H with traces of its homologues. 
Coal-tar naphtha. Benzene. — A colorless limpid liquid, of about 
0.85 spec, grav., crystallizing at 0° C, meltjng at 5,5° C, boiling at 
80° or 81° C. (176° or 178° F.), and of a eharacteristic pleasant 
odor, reminding of rose and of chloroform. It burns with a bright, 
smoky flame. It is not perceptibly soluble in water (to which, 
however, it imparts odor), but is soluble in all proportions of 
alcohol, ether, chloroform, petroleum naphtha, etc. It dissolves 
sulphur, phosphorus, iodine, fixed and volatile oils, camphors ; 
many resins (see 99, f) ; many alkaloids (not einchonia) (133). 

It is duHnguished from Petroleum Naphtha by its generally 
greater solvent power (by dissolving hard pitch), and, moi-e 
accurately, by its formation of nitrobenzole and products of the 
latter, as follows: Equal volumes of nitric acid of spec. grav. 
of 1.5 or of concentrated nitric acid containing nitrous acid, and 
of the liquid tested for benzole, are digested in a test-tube by 
immersion in hot water. The nitrobenzole rises in droplets, and 
is recognized by its odor of bitter almond oil and by its giving 
anilin with reducing agents, as stated at 120. 

Or, for more delicate test — as in presence of Volatile Oils : 
A few drops of the liquid to be tested are mi.\ed in a cooled 
tube with four times their volume of fuming nitric acid ; the 
mixture is agitated and left a quarter of an hour ; then mixed 
wilh ten tim^ its bulk of water (which separates drops of nitro- 
benzole). Agitate with ether, which takes up the nitrobenzole; 
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decant the ether solution, filter, quickly distil the other from the 
filtrate. To the residue add 1 or 2 c.c. of ncetie aeid and a 
particle of iron (filings), and distil ovar a Tery small flame. As 
soon as the liquid is nearly evaporated, add 3 or 3 e.c. of water 
aud distil again. Mix the distillates (if acid, neutralize with 
slalced lime and filter), and test with chlorinated lime for amlln 
(violet color) (125, a). 

liej:. PETROLEUM WAPHTHA. Gasolene-. ■■ Ben- 
zene."— Tlie rcotified distillate of pytroloum, having a lioiling 
point of about 49" C. (120° F.)— specific gravity about 0.665. 
Consists chiefly of C^H^H, with a little OjHjjH and other 
homologues, — Characterized by an agreeable odor and auEesthetic 
effect ; by a wide range of solubilities ; and by resisting the 
action of alkalies and most acids, while decomposed by heating 
with nitric acid. — Distinguished JVom Benzole by a lower 
specific gravity (even when both are of the same boiling point), 
and, more accurately, by not forming nitrobenzole (119). 

120. inTIlOBENZOLB. 0,H,(H'0,). "Essence of Mir- 
bane." " Artificial oil of bitter almonds." Nitrobenzene. — A 
yellowish, oily liquid, of spec. grav. 1.21, crystallizing below 
3" C, and boiling at 220" C. (428° F.) It has the odor of bitter 
almond oil, with equal persistence ; a very sweet taste, and a 
highly poisonous effect taken by inhalation or through the 
moath. — It is insoluble in water, freely soluble in alcohol, ether, 
chloroform, fixed and volatile oils. — It is identified hy its odor — 
coinciding with its reaction for antUn. AVhen a few drops are 
digested in a test-tube with zinc, acetic aeid, and iron or magne- 
sium wire, and the mixture extracted with ether, the rasiduo of 
the latter gives reactions for anilin. See Benzole (119) aud 
Anilin (121). Or a few drops are digested and shaken with zinc 
and dilute sulphuric aeid, the mixture filtered through a wet 
filter, and the filtrate tested (with chlorate of potassium) for 
anilin. Botli Ihe abo^'e methods arc applicable in pi'eaeiico of 
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Bitter Almond oil ; iiiso the following ; T'.vo or three cubic cen- 
timetres of the oU to be tested for nitrobeiiEole are agitated with 
about half its weight of fused potassa. If nitrobenzole b 
present, a reddish-yellow color appears, quickly turning to green, 
and if water is added there is separation of an upper layer of 
gi-een, turning red the following day. Finely-divided zino or 
iron, alone, digested at 100° C, for a day or two, reduces nitro- 
benzole to anilin. — Nitrobenzole is distinguished from bitter 
almond oil and other Volatile Oils by its specific gravity. 



BASES: LIQUID AND SOLID. 

121. AJSJLTS. (C,H,)H,H. Monophenylaniin.— Pure 
anilin is a colorless, limpid, oily liquid, of spec. grav. 1.038, 
i-aporizing slightly at ordinary temperatures, boiling at 182° C. 
It is neuti-al to litmus, of bitter, burning taste, and vinous, aj-o- 
matie odor. It is slightly solvMe in watei- — the solution having 
a faint alkaline reaction; also it dissolves a little water. It is 
soluble in all proportions of alcohol, ether, chloroform, and most 
fixed and volatile oils, and in about equal volumes of bisulphide 
of carbon or benzole, but not perfectly in gi'eatcr volumes of 
either. It is sparingly soluble in glycerin. 

12^. The AwiLiiT Oii. of Commbkcb contains more or less 
Toluidin, with traces of benzole, phenio acid, nitrobenzole, acetic 
acid, acetone, etc. " Kuphanilin " contains about 90 per cent, of 
phenylamin, and has a boiling point of 180° to 190° C. " Bara- 
nilin " is mostly toluidin, with a little cumidin and cymidin, 
boiling at 195° to 215° C* 

* (Mouojphenylamln, (Cb Hi ) Hs N. 

Toluidm, (07Hr)H3N. 

Xylilin (Cs Hj ) Hi N. 

Cumldln, ........ (C3 Hi;) Hs N. 
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123. Phenylamin with acids forms sails, ci'ystallizable, 
soluble in watev and in alcohol, many of them soluble in ether. 
The oxalate is sparingly soluble in cold absolute alcohol, insoluble 
in ether; the hydrochlorate is soluble ia ether, not in cold chlo- 
roform. AnUin salts are readily decomposed by fixed alkali, 
when the ajiilin may be separated by ether. In the cold, aniliil la 
displaced by ammonia ; with heat, ammonia is displaced by anilin. 

124. ToLUiDiK has, with most solvents, nearly the. same 
solubility as phenylamin. It forms few salts j the oxalate is 
sparingly soluble in water. 

136. Anilin is idmtijled, through formation of Aiiilin E«d 
(rosanilin, fuohsiu, or magenta), by chlorinated lime or chlo- 
I'nated soda {a), by ferric chloride (S), by binoxide of manga- 
nese and sulphuric acid (c) ; and by its reaction with chlorate of 
potassium and hydrochloric or sulphuric acid (d), and with 
mercuric chloride (e). It is distinguished from Alkaioids 
(including Conia and Nicotia) by giving no precipitates witli 
potassio mercuric iodide solution, or with iodine in i(>dide of 
potassium solution, or picric acid in presence of sulphuric. It 
coincidm with Alkaloids in giving precipitates with phosphomo- 
lybdate (/), and with tannic acid {g). — It is characterized by a 
moderate reducing power (A). Anilin is examined as regards 
its proportion of Tohiidin, aa explained in a. It is separated 
from benzole, nitrobonzole, and other associated impurities by 
fractional distillation, 

AnUin Med is a tei-m for various salts and compounds of 
Rosanilin {Cj,H„If,.HjO). This is a triatomic base which is 
colorless when pure — in the air becoming rose-red, or if formed 
in part from toluidin becoming bro^ra, also dissolving freely in 
alcohol with a red color. It is nearly insoluble in water and 
insoluble in ether. It forms mono-acid salts havuig an intense 
crimson color (in solution), and tri-acid salts of yellowish-brown 
color. — As formed from commercial anilin, by oxidizing agents, 
rosanilin has a rich violet-purple color, chiiiiged to red by acids, 
. ' to violet-purple by alkalies, In proportion aa 



122 BASES, VOLATILE. 

formed from toluidin, the color becomes brown. Ether exti-acta 
the brown, leaving a blue, 

a. A water solution of anilin or its salts, with a little solution 
of chlorinated lime or chlorinated soda gives a purple-red color, 
changing to bro^vn-red by exposure to the air, or to rose-red by 
addition of acids. The color passes into a brown ; if the mixture 
be shalien with ether, the latter rises to the surface as a brown 
layer, leaving a blue liquid below. 

7}. To a small portion (10 c.c.) of a very dilute solution of 
anilin, strongly acidulated with hydrochloric acid, add of aconeen- 
trated solution of ferric chloride two or three drops, or enough 
to give a yellowish tint, and heat gradually to boiling. The 
color becomes darker to opaque violet-browti. When a precipitate 
separates, fJter and wash with water ; then treat the precipitate 
with 60 per cent, alcohol, when the violet color is dissolved. The 
aqueous filtrate, shaken with chloroform, forms two light red layers. 

c. A diluted solution of anilin, acidulated with sulphuric acid, 
on agitating with binoxide of manganese, quickly gives a blue to 
purple-red color, more intense after warming to 50° or 60° C. 

il. Chlorate of potassium with hydi-ochloric or sulphuric acid) 
when strong, forms a red resinous substance; when dilute, a 
violet color. 

e. Mercuric chloride, in the solid state, gently heated with 
anilin, converts it into a dark.purple mass which gives a red 
solution in alcohol, 

/■ Fhosphomolybdate of sodium with solutions of anilin aci- 
dulated with sulphuric or oxalic acid, gives a blue precipitate 
becoming yellow (with Nicotia, the precipitate is yellowish at 
first). Addition of ammonia of 18 or 30 per cent, dissolves the 
anilin precipitate with deep blue color (the Conia precipitate is 
left blue but undissolved by ammonia). 

g- Tannic acid, with solutions of anilin not very dilute and 
iiot containing free acid or free ammonia, a white precipitate of 
lannate of anilin. 

/(. Anilin reduces perm an gnu ate solution, but not potassio 
c.p,ic.„lp,„,U.. ^_^^^ , 
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126. ALKALOIDS. — Volatile and N on- volatile. — The 
volatile alkaloids are composed of C. H. and TS. without O ; and, 
ill their consistence, vaporization, aiid other physical properties, 
resemble the volatile oils, but differ from them by approaching 
the character of ammonia. They are expelled from their salts 
by fixed alkalies and heat. The most important are the five 
following. (For Solubilities, see 133; Separations, 134 ; Com- 
parative reactions, 131 aiid 135 to 143.) 

Anilin (121). 

127. CoBiA.* CjHjjM'. A colorless liquid, of spec, grav, 
0.89, wasting slightly at ordinary temperatures, distilling almost 
wholly with steam at 100° C, boiling at 160' to 180° C. It has 
^ mouse-like odor, shai-p tastfe, and strong alkaline reaction. It 
resinifies, yellowish, in the air. Its administration causes enlarg- 
ment of the pupil. It is a strong base; its salts being soluble 
in water and alcohol, not in ether. It coagulates albumen. 

128. LoBELiNA. An oily, volatile liquid, of alkaline reac- 
tion. Its administration dilates the pupils. 

129. NicoTii. CsHjIT. A transparent, oily liquid, of spec, 
grar. 1.048, distilling with steam at 100° C, or slowly alone at 
146° C, boiling at 343° C. It has an ethereal, tobacco-like odor 
(when pure), and (in dilute solution !) an acrid taste. In reaction 
it is sti-ongly alkaline. It resinifies in the lii'- 

130. TKiMBTHrLAMiA. CjHjW. Propylamin. Seealin. — A 
colorless liquid below 5° C, its vaporizing point. (Soluble in 
water and alcohol.) It has an odor of herring snd of ammonia, 
a sliarp, bitter taste, and on alkaline reaction. Its salts are erys- 
tallizable, and soluble in water and (mostly) in alcohol. Its 
hydrochlorate is soluble in absolute alcohol (separation from 
Ammonia). Its water solution precipitates aluminum salts and 
then dissolves the precipitate (distinction from Ammonia), Its 
solution in equal weight of water is combustible. 
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132. Uon-volatile Alkaloids and iiccompaiiying Gkicosidcs. 
(For Solubilities, 133 ; Separations, 134 ; Reactions common to 
alkaloids, 135, 142, 143.) (For Determinations of Quantity. 
135ff, 143, 143.) 
AcoNiTA. C^„H„TTO,. — Glacial mass or white powder. Ci-ya- 

taliizes with difficulty.— 136 (135, e, f). 
Atropia. 1 CjjHjjNOj. — Prisms; stellated tufts ; white powder; 
Daturia. I" fusible at 90° C— 136, 135. 
Berbbriha. C,,Hj,M'05(Hp)j,.— Light-yeUow silky needles, or 

grouped prisms. — 136, 138. 
Britcia, CjjHjjH'jO,. — Colorless ; delicate needles ; four-sided 

prisma.— 130, 137, 138, 140, 139. 
Capfeina. C,H,H',0,— White, silky needles; fusible at 178= C. ; 

subliming at 185° C— 136, 140 (135, a, e, g). 
CiKciiosiA. CjjHjjlf^O. — Four-sided prisms or needles ; fusible 

at 165= C— 136. 
CiNCHONiDiA. CjjH^jH'jO. — Hard rhombic prisms, with striated 

faces. Melts at 175° C. 
CoDEiNA. CjjHj^NOj. — Rectangular oetahedrcus ; or (in presence 

of water) tri metric— 136, 138, 189. 
CoLOiiiciA. O^Hj^lTOj.^Colorloss prisms or needles; yellow>- 

ish-white powder ; glacial.— 135, 136, 138, 140. 
Baphnin. C„Hj,0,|,- — Rectangular prisma. Odorous above 

100° C. ; above 200° C, Daphnetin.— 138, 141. 
DELPiiisA. — Amoi-phous ; powder white with yellow tint. Melts 

to resinous mass.— 136 (135, e). 
DiciTALitr, CijHjjO,. — Difficult to crystallize. A Ghia^side. — 

136 {I35fl) (142). 
Kmktia. CjjH^jITjOj. — Yellow-whito powder. Melts at 50° 

C— 136, 138 (135, e). 
Erootisa. Cj,H^jM",Oj. — Red-brown powder.— 136. 
IIydrastia. — Colorless, shiiijng, four-sided prisms. Above 100° 

C, melts.— 136, 137, 140. 
Hyosoyamia. C^HjjWOj. — Stellate groups of silky needles; 

amorphous and pasty. Fusiblo.^ — 136. 
loABURiA. — Colorless, lustrous prisms. Fusible. — 130, 138, 140. 
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Morphia. C„H,jNOj(HjO). — Shovt, transparent, trimctrio 

prisms. Anhydrous at 120°.— 136, 138, 141. 
NAucEiifA, CjjHjjIfOj. — Colorless, delicate needles. Fucible. — 

136, 137, 138, 139. 
Narcotika. CjHjjKO,. — Colorless, rhombic prisms. Fusihle. 

— ISG, 138, 139. 
Opiania. C^H^H.O,,.— Right rhombic prisms.— 138, 139. 
Pai'avbrina. Cj,H,,H"0,. — Colorless, acicular crystals. — 136, 

138. 



Pattina. C,,H, 


,.^,0.- 


—Colorless 


crystals. 




Physostigmia. 


C„H, 


,If .O . — Amorphou 


9, brownish-yellow ; 


solutions. 


red to blue.- 136 


,140. 




PiCROTOXIK. C,_ 


,H„0, 


..—Needles 


; stellate 


; kminie. Reduces 


cupric hydrate.- 


-137. 






PrPBRiN. C.,H. 


.M"0,.- 


-Colorless, 


monocliii 


io prisms. Melts at 


100° C— 


136, 138. 






PSBUDOMOKPUIA. 


C„H„lirO,.--F 


iiie, lustrous crystals. — 136, 


138, 141. 










Qdinia. C,.H„ir,0,.- 


-Hydrate, 


in fine 


needles. Solutions, 



blue-fluorescent. — 186, 140. 
QuiNiDiA, CjjHjjWjOj. — Transparent, nionoclinie prisms, ofRo- 

resc«nt.— 186, 140. 
Ehceadia. CjjHjilfO,. — Small, white prisms. Melts at 233= C. 

—Purple-red with aj;ids. 
Sabamllia. CjjHjilTjOj. — Cubic crystals (iSeedles!). Reacts 

with sulph. acid like Vcratria (136) 135, e. 
Salicin. CjjHjjO,. — Tabular or sealy crystals. — Melts at 

120= C. A Glucosidc- 136. 
Saponin. C^HjjOjj. — Amorphous. Aromatic odor, sweet taste, 

burning after-taste. A Glucoside. 
SoLANiA. 0,5Hj,NO,j. — Silky needles; right, four-sided prisms. 

A Glucoside.— 136, 138. 
Strychnia. CjjH,,IfjOj- — Four-sided prisms, triraotrio, white. 

Fusible.^136, 137. 
Thebaina, Ci,S„jlif03. — Thin, square tubleta of silverj- lustre. 

Fiisiblc— 136, 13R. 
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Ti(E0HK0Mit.'A, CjHjH",©,. — Microscopic, ti'imetrio crystals^ in 

club-shaped groups. — 136, 140- 
Vkhau'ma. CjjHjjIfjOg- — White or grecnisli-white crystallized 
powder. Warmed with HCl, violet. — 136. 

133. Solubilities of the Alkaloids. — In alcohottWey are 
generally freely soluble, the following being the only important 
exceptions and notices to be made : 
Caffeiiia — in 30 parts' strong alcohol. 
Morphia — in 30 parta boiling or 50 parts cold absolute; in a 

somewhat smaller quantity of 90 p. c. alcohol. 
Xareeina — easily in hot, in 950 parts cold 85 p. c. alcohol, 
Narcotina — in 25 parts boiling or 100 parts cold 85 p. c. aicohol. 
Opiania — slightly in hot, scai-eely at all in cold alcohol. 
Pseudomorphia — nearly insoluble. 
Solania — in 150 parts hot or 500 parts coid alcohol. 
Strychnia — difficultly soluble in absolute, soluble in 116 parts 
of 95 p. c, 135 parts of 90 p. c, 130 parts cold or 15 
parts boiling 75 p. c, 350 parta cold or 25 parts boiling 
50 p, c. alcohol. 
Theobromina-^in 50 parts hot or 1500 cold alcohol. 

Tlia solubilities given for ether iu the table retor to ether 
nearly or quite iree from alcohol. 

Semole (of coal-tar), as used below, distils at 60° to 80° C. 
(140° to 176° F.), leaving no residue. 

Ainylic alcohol dissolves 0,1568 part of Codeina, 0.0036 part 
of Moi-phia, 0.0032 part of Narcotina, 0.0130 part of Papaverina, 
and 0.0167 part of Thcbaina (Kpblt). 

Mher dissolves from, acid solutions — Colchieiii, Digitaiin, 
Picrotoxin — in geaeral not the (other) alkaloids. 

Petroleum Naphtha, as used below, distils at fjom 40" to 
60° C. (104° to 140° F.), leaving no residue. 

Amylic Alcohol should be strictly free from ethylie aicohol. 

The acid used with chloroform, benzole, etc., is sulphuric 
aeid, added just to an acid reaction, and forming sulphates of tbe 
aliialoids. 
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134. Separation of Alkaloids from (solid) Albumenoid, 

Fatty, and Extractive Matters. — (1) The alkaloids arc dis- 
solved out, as salts (tartrates, sulphates, or acetates) by alcohol, 
heat ; the filtered soliitiou is evaporated to dryness, 
iidue dissolved as before, etc. For removal from 
esidue is dissolved in slightly acidulated water ; the 
(filtered) solutiou evaporated and the solution repeated, etc, — 
The residue, ill which the alkaloid is a salt, is washed with ether, 
as long as the ether removes anything (Otto's modification, 
1856). The washed residue is treated with alkali, in presence 
of ether, which dissolves the nascent alkaloid. The residue from 
the ether solution is, if necessary, purified by extraction with 
alcohol, or acidiilated water, or each, as required (Stas' method, 
1851). Also, this method is adapted for volatile as well as fixed 
alkaloids. [The extraction with ether may be followed by use 
of chloroform.] 

(3) A somewhat more simple method upon the same princi- 
ple, for non-volatile alkaloids only, with use of chloroform 
instead of ether, and with carbonization by sulphuric acid 
(RoDGERS and Gmnwoon, 1856). Designed, by its authors, for 
strychnia only ; but applicable for all alkaloids soluble in 
chloroform and not decomposed by concentrated sulphuric acid 
at 100" C. 

(3) The use of amylio alcohol (as in Otto's and Stas' method) 
to wash the aciil solution of alkaloids clean of all matters soluble 
m amylic alcohol, and, after saturating with alkali, dissolving the 
alkaloid in the same solvent. Then, the amy lic-alcohol- solution 
of alkaloids is washed with acidulated water, whereby the alJia- 
loids are removed from the former solvent and taken up by the 
water as salts. This is repeated tmtil purification is complete. 
The method is applicable only to those alkaloids not soluble in 
amylie alcohol from acid — see Table, 133 (Uslae and Erdmanh, 
1861). 

(4) The use of animal charcoal to withdraw an alkaloid 
(strychnia) from a solvent ; .after which the alkaloid is extracted 

h<Ktoi..,Goo^lf 



METHODS OF SEPAIIATIOX. \i\l 

I'rotn thu oharooal l>y ^ mori; effective solvent. (Graham und 
IIOFMANN, 1853.) 

(5) Dialysis of the alkaloids, iia salt?, IVum colloid matters 
{Graham, 1862), 

{6} Separation of Alkaloids from each other, as well as 
from indeterminate mutters, etc. The use of petroleum 
aaphtlia, benzole, chloroform, smd amylio alcohol, eaoh lirst in 
acid and then in alkaline solutions — extracting back to acidulated 
water (as in method of Uslar and Erdmaiin) when necessary to 
purify. Division of tho alkaloids into about eight groups. 
(Draqendorfp, 1808.) 

(7) Separation of alkaloids from eaah other ami from 
associated Glueosides, by an extension of tho method last 
named. 

(8) Separation of alkaloids from each other by Iheir solu- 
bility in alkali. 

(9) Separation of pure alkaloids from each other by s«coes,si\-e 
use of ether, water, and ohloroform. (Pkbsoott.) 

(1) Otto^s and Stas' Metftoct—An aliquot part of tho mate- 
rial is finely divided if solid, or concentrated if liquid, and 
subjected to digestion, at about 60° C. (140° 1'.), with a double 
weight of 90 per cent, alcohol, with addition of 0.5 to 2.0 grama 
tartaric acid (or oxalic acid). This extraction is completed by 
expression and digestion with another portion of alcohol, repeated 
two or three times — The filtered liquid is now concentrated to a 
small bulk — by use of gentle heat, or in vacuum [or heat with 
partial vacuum from condensation by use of two connected 
flasks*], 01 bj gentle heat in a stream of air witii use of a tubu- 
lated retort Fat la separated iiy filtration through a wot filter, 
and the filtiate ovipoiated nearly or quite to dryness, in vacuum 
or ovei «ulphuiic tcid. — Macerate the residue in absolute 
alcohol (foi 21 hours), and evaporate tho filtrate at a heat not 
above 40° C. (104° T.) — Moisten the residue with water, and 

« Pmssoott : Chem. News, xs., p. 3S9 (1870, Jen ) 
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add bicai-boiiate of sodium or potassium as long as there is effsr- 
vesccnce. — Add three or four volumes of ether (free froui oil of 
wino and not heavier than 0.725 s. g.) and agitate. Evaporate a 
portion of tho clear ether upon a watch-glass ; a residue in oily 
strcaks/^Ilecting into droplets, having a pungent odor and alka- 
line reactiou, gives evidence of volatile alkaloids. 

\i volatile alkaloids are present, the material is farther treated 
for a short time with a little strong potassa solution, and then 
extracted in a flask or large test-tube with repeated portions of 
the ether. Acidulate the ether solution with dilute sulphurio 
acid, stopper tightly and agitate, and remove the ether layer, 
(Ammonia, anilin, nicotia, picolin, as sulphates, are not soluble 
in ether ; conia sulphate is slightly soluble in ether.) Evaporate 
the ether, at ordinary tiemperature, and test for Conia. — To the 
acid watery residue add excess of potassa or soda, and extract 
with ether as before. Evaporate the ether at low temperature, 
and test the residue for volatOe alkaloids (126). — For non-volatile 
alkaloids, unite this residue with any fixed residue left by that por- 
lion of ether taken after adding bicarbonate, and treat as follows : 

For nonrvolatile alkaloids, evaporate the (first) ether- extract, 
dissolve in a very little, very dilute sulphui-ic acid (leaving a 
decided acid reaction) and ■fl-ash with ether (absolute or nearly 
so) as long as anything is washed away.^— Now add fresh ether, 
then add excess of concentrated solution of carbonate of sodium 
or potassium and extract thoroughly with several portions of tho 
ether. — ^The residue fi-om the ether may be purified by extraction 
with water acidifleS by sulphuwc acid ; then the concentrated 
aqueous sulphate is treated mth carbonate of potassiiun in 
excess and extracted with absolute cdcolwl. — At each evaporation 
the appearance of crystals is watched. Crystallization from 
cthcrejil solutions is greatly promoted by adding alcohol. 

(2) Modgers and QirdwoocTs method- — The material is 
digested. with rftfe^eiydrocAfoHc aiAd at a moderate heat for 
about two hours ; the filtered extract evaporated to dryness on 
liie water-bath; the i-esiJuo extracted with water and filtered; 
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and tbe filtrate supersaturated with ammonia and then extracted, 
in it flask, with chloroform. — The soUd residue from the chloro- 
form is moistened with concentrated sulphuric aeid and left oil 
the water-bath for half an hour or longer to carbonize foreign 
organic matters. When cool, it is then extracted with water. — 
The water solution is saturated with ammonia and again extracted 
with cliloroforni. If the residue of (a portion of) the chloroforin 
blackens on warming with sulphuric acid,, the (whole) residue is 
again treated with sulphuric aeid on the water-bath, extracted 
with water, and the aqueous solution with ammonia and 
chloroform. 

(3) Method of Uslar and Erdtnann. — Digest the material, 
brought to the consistence of a thin paste and acidified with 
hydrochloric afiid, for an hoar or two, at 60° to 80° C. (140° to 
nG° F.), and strain and press tln-ough wet linen, washing the 
residue with water acidified with bydroehlorio acid. — Evaporate 
the united solutions with addition of clein sand and of ammonia 
in exce ii d tiituiate to a pindei Bod th icsilie i peit 
cdly, inth amylic alcoliol, '»nl hltei the extracts hot through 
paper n oistened with imylic alcohol The filtrate is usually 
yellowish anl holds fattj and coloimg matters with the alka 
loids, m solution — Tiansftt the filtrate to a cjlndiical vessel 
add ten oi twelve times its ■volume of witei acidified with 
hydrochloiie 10 d and neaily boilmg agitate ii^orouslj aid set 
aside, remote the amjlicalcohollayei withajipette (This 
should be nearly or quite free from all those alkaloids not soluble 
in amylic alcohol with acid — the only ones considered in this 
process. See Tabic, 188. This amylic alcohol, however, may 
well be washed with one portion of hot acidulated water.) Wash 
the water-aeid liquid with several portions of amylic alcohol. — 
Concentrate the water-acid liquid, add ammonia in excess, and 
repeat the extraction with hot amylic alcohol. — If the liquid is 
colored, or if the residue of a few drops is blackened by a drop 
of sulphuric aeid, again extract by much hot acidulated water, 
and then by amylic alcohol. 
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(4) Method with Animal CJtarcoal — Shako two ounces 
animal charcoal in Haifa gallon of the aqueous, neutral or feebly 
acid, liquid ; let the mixture stand 24 hours, with occasional 
shaking; filter; wash the charcoal once or twice with water; 
then boil half an hour with 8 ounces of alcohol of 80 to 90 per 
cent, (condensing and returning the evaporated alcohol.) Filter 
and evaporate the filtrate, — (Devised by its authors for separa- 
tion of strychnia firom beer.) 

(5) Diaji/sis. — The aqueous liquid or suspended material is 
acidified with hydrochloric a^id, and floated, in the dialyzer, over 
pure water. The dialyzed liquid usually contains foreign matter ; 
still to be removed by some other process. 

(C) Use of Napldha, Benzole, Okloroform, and Amylio 
Alcohol, eacli in Acid and in Alkaline Solutions. Dragen- 
dorr's Method. — The finely-divided material is extracted several 
tioies with water acidulated with snlphnrio add, digesting 
several hours at a temperature of 40° to 50° C. (If it is desired 
to examine for the glucosldea, colchlcin, digitalin, solanin, the 
digestion should be made at ordinary temperatures, Piperin 
may be in part n;idis.solved.) The filtrate is treated with aufli- 
elent calcined magnesia to leave only a slight acid reaction, and 
evaporated over a water-bath to the consistence of a syrup. This 
is placed in a flask, treated with three to four parts of 70 to 80 
per cent, alcohol, acidulated with sulphuric acid, and digested 
with frequent agitation, for 24 hours, at about 80° C. When 
cold, the liquid is filtered, the residue being washed with alcohol. 
The filtrate is evaporated to remove all the alcohol, and diluted 
with, water: solution A. 

Solution A is digested and washed in- a flask with petroleitm 
naphtha (see 133), at about 35° C. Fata, colors, etc., and, if 
present, Pipm-xn are dissolved: solution B, — The watery-acid 
residue from solution B is digested and washed with benzole at 
about 45° C, If a small portion of the decanted benzole gives a 
perceptible residue, the whole is nearly neutralized with maig^e- 
Kia or ammonia (leaving a distinctly acid reaction) and then 
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tliofoiighly extracted with the benzole : solution C. This benzoic 
sohition is evaporated in glass dishes, for examination of tlio 
i-esidne. It may contain Caffeina, OolcMcin, GubeUn, Delpldna, 
Digitalin (and traces of Berberin, Physostigmin, anct Veratria). 
See also under (7), 134. — The watery-acid residue from, solution 
C is now extracted with amylic alcohol: solution D. In this 
solution there may be Berberin (traces in C), Narcot'mci. (perhaps 
only iu part), Physostigmia (traces in C), Theobromiiia, Veratria 
(and traces of Aconitina and Atropina). — The watery-acid residue 
from solution D is now extracted with ohloiofoim : fonning 
solution E. This may contain Papaveriim, Narcotina (if not 
wholly iu D), Tliebaina, Mid perhaps Veratria left fi-om the 
benzole of C 

The \vatovy-a«id residue of E 1ji now made slightly alkaline 
by ammonia, and extracted at about 35° C. with petroleum 
naphtha. — If a little portion of this solution gives a colored 
residue, the whole of it is thoroughly washed with mueh water 
acidulated with sulphuric acid, thus transferring the alkaloids to 
watery-acid solution, from which they are agam extracted by 
making alkaline and washing with petroleum naphtha. This, 
solution P, in petroleum naphtha, may contain Bnicia, Gonia, 
Emetia, Nicotia, Quinia, Strychnia, and remaining traces of 
Veratria. — ^Two of these are volatile and liquid alkaloids, soluble 
from the residue in cold water. Evaporation of the naphtlia 
leaves quinia and stiydinia crystalline; brucia, emetia, and vera- 
tria, amorphous. Quinia, emetia, and veratria are soluhlc in 
absolute ether ; brucia and strychnia insoluble. 

The watery-alkaline residue of F is iiow extracted several 
tunes with benzole, at about 40° C. If a portion of the benzole 
leaves a colored residue, the whole is extracted with aeid-water 
and again taken up with benzole for purification, as directed 
above for naphtha. Solution G (in benzole) contains Aaonitia, 
Atropia, Cinc3ionia, Godeina, Hijoscyamia, Physostigmia, 
Quinidia. — These alkaloids ai-e all soluble in ether, except cin- 
chonia. If the residue of the others is dissolved in water 
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a«iiiulate(l with sulphuric a<iicl and then supersaturated witi ain- 
moaia, aconitia and quiiiidia ara precipitated ; while atropia, 
codeina, hyoscyamia, and physostigmia are (for a brief time) dis- 
solved. The aconitia and quinidia prcoipitate being dissolved in 
hydrochloric acid, platmio chloride precipitates only the qninidia. 

The watery * altalice residue of G is now acidulated with 
sulphuric acid and washed at about 55° C. with amylie alcohol ; 
then made alkaliae with ammonia and cxti-aeted with amylie 
alcohol at the same temperature. If the residue of a portion of 
the solvent is colored, the alkaloids are extracted from the whole 
by acidulated water j and again extracted by amylie alcohol in 
presence of alkali (as directed for F and G). Solution H (in 
amylie alcohol) contains Morphia, Narcehia, Solania. — Nar- 
ceina is dissolved from the residue by warm water. 

The watery alkaline residue of H, which may be termed 
solution I, may contain Gurarin, and traees of Berberina 
(Digitalin) and Narceina. The solution (I) evaporated to dry- 
ness, with pulverized glass, yields its alkaloids to alcohol. 

(7) Separatio7i of Alkaloids and Gluoostdes from each 
other. Drage^uloi^'a sdienie. Use of the solvents and opera- 
tions employed in (6). 

A. Benzole dissolves, from acid (sulphuric) aqueous solutions 
— ([iaifeina, Colchiein (incompletely), Colocynthin, Cubebin, 
DeJphina (incompletely), Digitalin, Elaterin, Narceina, Pipevin, 
Syringin — and traces of physostigmia and veratria. 

B. Benzoic dissolves, from alkaline (ammoniacal), aqueous 
solutions — Aconitia, Atropia, Brucia, Cinehonia, Ck)deina, Conia, 
Dclphina, Emetia, Tlyoscyamia, Narceina (imperfectly), Narco- 
tina, Nicotia, Papaverina, Physostigmia, Quinia, Quinidia, Strych- 
nia, Thebaina, Veratria, 

c. Benzole fails to dissolve, more than traces, from alkaline 
solutions — Morphia, Salicin, Solania, Syringin, Theobromina. 

D. Benzole does not dissolve, either from acid or alkaline 
wrvtoi' soliAtions — rurnrin, Picrotoxin, Salicin, Theobromina. 
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E. Benzole, Petroleum Naphtha, Amylie Alcohol, and Chlo- 
rofurin, all fail to dissoloe, from ftcid oi- alkaline solutions, 
Cai-ariii. 

F. Amylic alcohol dissoloes, fi'om acid (sulphuric) water 
solutions, more readily when warm — Aconitia (very sparingly), 
Berberina (in greater pai't), Brucia (in traeca), Caffeina, Cactha^ 
rldin, Colehicin, Cubeljjn, Delphina, Digitaliu, Nareeina (spar- 
ingly), Narcotina, Pici-otoxin, Piperin, Salicin, Santonin, Theo- 
lii'omina, Veratria. 

G. Petroleum Haphtha leaves undissolved, from acid or alka- 
line solutions — Aconitia, Berterina, Caffeina, Curarin, Narceiiui, 
Salicin, Syringin, Physostigmia, Thoobromin. 

II. Petroleum Naphtha dissolves from acid (sulphuric) watery 
solutions — Piperin, Populin, 

I. Petroleum Naphtha dissohes from alkaline (ammoniacal) 
solutions — Brucia, Coliia, Emetia, Nicotia, Papaverina, Quinia, 
Strychnia, Veratria, and traces of aconita, berberina, cinehonia, 
delphina, narcotina. 

J. Petroleum Naphtha does «oi rfmoZye, from alkaline solu- 
tion — Caffeina, Colehicin, Delphina. 

K. Cliloroform dissolves from the acid (sulphuric) water solu- 
tion— Caffeina, Colchlcia, Colocynthin, Cuhebin, Delphina (spar- 
ingly), Digitalin, Narcotina, Papaverina, Pipeilii, Picrotoxin, 
Santonin, Thebaina, Theobromina. 

L, Chloroform dissolves from the alkalhie (ammoniacal) 
water sohition — Aconitia, Atropia, Berberina (sparingly), Brucia, 
Caffeina, Cinchotiia, Codeina, Colehicin, Conia, Cubebin, Del- 
phina, Digitalin, Emetia, Ilyoscyamia, Morphia (sparingly), 
Narcotina, Nareeina (sparingly), Nieotia, Papaverina, Piperin, 
Qiiinia, Strychnia, Thebaina, Theobromina, Veratria. 

(S) Si^aration of certain alkaloids from each other hi; 
solubility ill alkali. 

A. Solutions of Fixed Alkalies precipitate, and by excess 
redissolve, in dilute solution— Atropia, Berberina, ^Codeina, 
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Conia, I-Iyoacyamla (gjjrtly), Morphia, -Nicotja, Solania— Colchi- 
ciii being decomposed. 

Most of the other well-known alkaloids are left in precipitate 
by excess of fixed alkali. 

B. Of those not redissolved by fixed alkalies, Ammonia in 
strong excess dissolves from preeipitate — Aconitia, Colchiciii, 
Hyoscyamia, Physostignjia, Strychnia. 

(9) Sqyarafion hy successive use of £ther, Water {and 
Ohloroform). — The alkaloids ai-e previously obtained pure, as 
bases, and in the solid stato finely divided. The ether used is 
absolute, applied in proportion of 40 to 60 parts to one of the 
solid, with agitation and digestion in ^S^, stoppered flask. The 
icater is applied hot, mid in proportion of fully 100 parts to one 
of solid. The chloroform should be nearly or quite free from 
alcohol, and 20 to 40 parts used. Alkaloids which are appre- 
ciably divided by the solvents have their names placed in 
pa reu theses. 

Alkaloids. 

Treat tuith Ether and filter. 
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135. Detection and separation of alkaloids as a class. 

The material ia obtained in solutiuii, and free fi-om albiimenoid, 
gelatiiioid, gummy, coloring, and " extrafitive " substances. 
Also, the presence of inorganic acids, bases, or salts which react 
with the several reagents, must be avoided. Then, the alkaloids 
are precipitated — by potassio mercuric iodide (also a means of 
volumetric determination) («) ; by phosphoniolybdic acid (per- 
mitting a division of alkaloids by subsequent use of ammonia) 
[h) ; by metatungstic acid (c) ; by potassio cadmic iodide (tZ) ; 
by picric acid (with distinguishing exceptions) (e) ; by tannic 
acid (with exceptions and peculiarities) (_/■) ; by solution of 
iodine with iodide [g). 

a. The potassio mercuric iodide reagent is prepared by add- 
ing to solution of mercuric chloride enough potassio iodide to 
dissolve the precipitate first formed. It gives precipitates in 
even dilute solutions of nearly all alkaloids except Caffeina, 
Colchidn, Digitalin, TJieohromina ; the precipitates' being 
mostly yellowish-white. For the reactions with the Volatile 
Alkaloids and Ammonia, see ISl. The precipitates are insoluble 
ill acids (distinction from ammonia), or in dilute alkalies, but 
soluble in alcohol and (in many cases) in ether — also, in many 
cases, soluble in excess of the precipitant. — For the extraction of 
the alkaloid from the precipitate, triturate the latter with stan- 
nous chloride and enough potassa solution to give a strong alka- 
line reaction, then exhaust with ether or chloroform, or, if the 
alkaloid is not soluble in these, add potassio carbonate instead of 
potassa and extract with strong Jilcohol. 

For the volumetric determination by potassio mercuric 
iodide (Matbb), the reagent is prepared with 18.55 grams mer- 
curic chloride, 5' grams potassic iodide, and water to one litre. 
Of this standard solution, 1 c.c. precipitates, of each alkaloid, the 
quantities stated below : 

Aconitia, 0.0368 gram. I Ciiiolionia, O.OlOSgram. 

ACi-opia, 0.0M5 " Conia, O.OOtJ " 

Bracia, 0.0233 " 1 Moriibia, 
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Narcoidna, O.OSlSgrara. 



Sic 
Qmcia, 



OOOW 



Quinidja, 0.0130 gram. 
Stryelmia, 0167 " 
Veratria, 0L69 



The Tolumetiic detemiiiati an is somewhat unsatisfactory, 
by reason, ot the slowness with which the precipitate subsides 
The allaloid solution is sliifhtlj acidulated with sulphuiic or 
liydrochlono acid after eich addition ol the reagent the mittiire 
is strongh &hal en and left to subside , then a diop of the cli^r 
liquid is place 1 on a blue or blatk glass plate xnd treated with 
!\ drop i tl iLigfut — t Icain whethei tirther additun is 
necessary. 

1). Phosphomolyhdic acid solution * — Sonnbnschein'b Re 
agent — gives amoi-phous and mostly yellow precipitates with the 
alkaloids, as below. The alkaloid solution should be neutial or 
slightly acid, as alkalies dissolve the precipitate in most cises 
The reaction with ammonia should be noted ten inimitrs iftei 
It', 1 1 t c 



Aconitia 


Yellow. 


Blue solution. 


Cnloiles 


Aniln 


Blue, tben yellow. 






itropa 


Yellow. 


Blue to colorless sol. 


Cclorleh 


Beibeima 




Blue solution. 






Orange. 


TeUow:gree!i solution. 


Brown. 


Caffeina 


Yellow. 


Colorless solution. 




Cinchoioa 


Wtitisk-yellow. 






Codeiaa 


Brownish-yellow. 


Green solution. 




Colcliic n 


Yellow. 


Bluish solution, in H 1" 
greonish. 




C a 


YeUow-wlUte. 


Bluisli or greeuish pre. 


. Colories 



~ The yellow precipitate formed on niising acid solutions of molybdate 
of anunoniuM and phosphate of sodium — the phoaplioiuolybdate of ammo- 
nium — is well washed, suspended in water, and heated with carbonate of 
sodium until completely dissolved. The solution is evaporated to dryness, 
and the residue gently ignited till aU ammonia is expelled {sodium being 
substituted for ammonium). If blackening occurs, from redaction of 
molybdenum, the residue is moistened with nitric "acid and heated again. 
It Is then dissolved with water and nitric acid to strong acidulation ; the 
solution being made ten parts to One of residue. It must be pi-essrved from 
contnct ivith vapor of ammonia, 
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Delphina 


frray-yellow. 




Di^ilalin 


YbUow, Qa wnrm. 
icgdisaolY'sgr'n. 


■Blue solution. 


Emctia 


YeUowish. 




BxgotbiB 






Morphia, 


YeUowiBli. 


Dark blue sol., ill Jifb 
a blue residue falls. 


Narceina. 


Brown-yellow, be- 


Naipotmi 


Brown-yellow. 




Huctia 


Yellow. 


Blue solution. 


Fopaieiim 


Ill dilute Eoi., IK 
precipitate. 




Ihvsoati„mIa 


Yellow. 


Blue precipitate. 


Pipcni. 


Brown-yellow. 


Colorless solution. 


(Pipcridln 


Clear yellow. 


Blue Eolutioii.) 


Qumm 


Yellow-wliite. 


WhitJ&h precipitate 






Yellow. 


Colorless solution. 


Stn-clmva 


Yellow-white. 


" .. 


Tkeclrjmina 






lentils 


YeUow. 


Colorless precipitate. 



( Metatungstic acid precipitates alltaloids from very dilute 
■solutions (Scheibleb). The reagent may "be prepared by adding 
jjlicsphonc aeid to a solution of ordinary tungstate of sodium as 
long as 1 precipitate is formed and redissolved. The precipitates 
lie ^(hite and flocculeiit. This test is more delicate than that 
with phosphomolybdic a«id. Scheibler states that a distinct 
faibidity IS pioduoed in a solution of one part of quinia or 
stijchnia m S00,000 of water. 

cl Potassio cadmio iodide solution (prepared like potassio 
mercuric iodide") {Marme's test) gives gray-yellow to yellow 
precipitates with the alkaloids. The solution of alkaloid should 
be feebly acidulated with sulphuric acid. The precipitates are 
easily soluble in alcohol, insoluble in ether, soluble in excess of 
the reagent, and decompose on long standing. Precipitates are 
obtained with 

n nnd W jiartsi iodide of potassium 
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Delphina, 


Piperin, 


Bmetia, 


Plperidin, 


HyoEcyamia, 


Quinia, 


MorpMn, 


Quinidia, 


Naroeina, 


Sanguinari 


Narcotina, 


Strychnia, 


Nieotia, 


Thebaina, 


Papayerina, 


Veratria. 



Bracia, 

Cinchonia, 

Codeina, 



No precipitates are obtained (in dilute solutions) from Col 
thit'in, Solniiia, Theobromina, or from other known glucosides 
and neutral substances. — The alkaloids are obtained from their 
precipitates by adding an excess of cai'bonate of sodium, drying, 
and extracting ivith ether, chloroform, or benzole, according to 
the solubility of the alkaloids sought. 

e. Picric or Trinitropliettic acid precipitates from water 
solutions the larger number of the alkaloids, especially as sul- 
phates. Presence of free sulphuric acid generally promotes 
these precipitations and enables them to he fonried in more 
dilute solutions. On the contrary, they are dissolved by 
hydroclilorio acid. 

No precipitates arc formed by picric acid, in acid sulphate 
solutions of Anilin, CafFeina, Morphia, Pseudomorphia, Solania 
(unless by long standing), Theobromina, and the Glucosides. — 
Aconitia and Atropia are not precipitated except in concentrated 
solutions. — Atropia and Morphia are, however, precipitated in 
neutral solutions.^ — SahoMUia in 150 parts of water is not 
precipitated. 

Full precipitates are obtained from tlie strongly acid sub 
phates of Borberica, Colchicin, Delphina, Emetia, the Cinchona 
alkaloids, the Opium alkaloids with the exceptions above given, 
the Strychnos alkaloids, Veratria, etc. 

The following results are obtained by treating about a grain 
of a water solution of (neutral) salt of the alkaloids with an 
alcoholic solution of picric add (Wormlev): 
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Aeoiiitia. Yellow, amorphous. 

Atixipia. Yellow, crystalline. 

Brueiii. Yellow. 

Codeina. Yellow, amorphous. 

Couia. Yellow, crystalline. 

Morphia. Yellow, amorphous. 



Narcotjna. " " -iru^mr " 

Nicotia. " " -jniuTni '' 

Solania. " " ToVy " 

Strychnia. Yellow, crystalline. -jT^inr " 

VevatriiL, Yellow, amorphous. inrW " 

The alkaloids may be extracted from, their picrates by addi- 
tion of an alkali and chloroform, benzole, or other suitable 
solvent, (Alcohol does not dissolve potassio picrate; but it takes 
up tho excess of potassa.) 

/. Tannic acid — in solution with 8 pai'ts of water and 1 part 
of aJcohol — gives whitish, graybh-white, or yellowish precipi- 
tates with nearly all the alkaloids, hi the larger number of 
instances these precipitates are easily soluble in acids, frequently 
dissolving in excess of the tannic acid ; on the contrary, some of 
the alkaloids are precipitated by tannic acid only in strong acid 
solutions. Ammonia dissolves the tannates of the alkaloids. 

iVb 2^ecipitates are obtained with Piperin, Salicin, or 
Saponin. 

Dilute aceiia acid dissolves the precipitates of taniiates of 
Aeonitia, Brucia, Caffeina, Colchicin, Morphia, Physostigmia, 
Quinia (if the acid is not very dilute), Solania, Veratria. 

Cold dilute Jiydroefilorie acid does not dissolve the precipi- 
tates of tannates of Aeonitia, Berberina, Brncia (slightly dis- 
solves), Caffeina, Cinchonia, Colchicin (dissolves slightly), Dcl- 
phina, Digitalin, Narcotina, Papavcrina, Thebaina, Solania, 
Strychnia (dissolves sparingly), ^'cratria. 
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Cold dilute suljjhuria acid does not dissolve tlic precipitates 
of tiumates of Aconitia, Physostigmia, Quiaia, Solaiiia, Veratria. 

Precipitates are formed in neutral solutions (not very dilute), 
but not in slightly acid solutions, yet completely formed in aolti- 
tions strongly acidulated with sulphuric acid, by Aconitia, 
Physostigmia, Solania, Veratria. 

Coflceraing the reactions of the Volatile Alkaloids with tannic 
acid, see 131. 

Alkaloids are separated from their tannates by mixing the 
moist precipitate with oxide or carbonate of load, drying the 
mixture, and extracting with alcohol, cthor, or cblorafonn. 

g. Water solution of iodine in iodide of potcissium precipi- 
tates the alkaloids in general. The solut'on is made of 3 parts 
of iodine, 5 of iodide, and 50 of water, (Wormlet: 1 of 
iodine, 3 of iodide, and 60 of water.) — The precipitates are 
yellow, oratige-yellow, reddish-brown, and browni. — No precipi- 
tates are obtained with (Ammonia), Caifeina (in neutral solution), 
Digitalin (or but slight turbidhess), Solania, Thoobromina. — 
TeHow precipitates are given by Atropia (sparingly saturated), 
Hyoseyamia, Physostigmia, and Trimethylamia (orange-yellow). 
Jied-broxmi precipitates are obtained with Aconitia, Codeina, 
Conia, Lobelina, Morphia, Narc'eina, Narcotina, Nieotia, Quinia, 
Strychnia, and Veratria. 

136. Concentrated Bulphurie EWjid gives characteristic reac- 
tions with some of the alkaloids ; and a greater number of good 
indications are given by Fr(ehdb's reagent, which consists of 0.01 
gram molybdate of Bodinm dissolved in 10 c.o. of concentrated 
sulphuric acid (and so prepared freshly each time it i.s required). 
For these tests the alkaloids must be almost absolutely free 
from impurities not alkaloids. One or two miligraras of the 
alkaloid are dropped upon 15 drops of the acid. 



Acouitia. Slight yellow t-o ye!,-br'n. Yellow-brown ; cclorlesr;. 

Amygdaiiii. Light violet-red. 

Atropia. Colorless solution. Colorless. 
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Berberina. 


Dark olive-green. 


Greenish-hrown to brown. 


Brucia. 


Pale rose. 


Ked ; yellow. 


CaffeiHa. 


Colorloss. 


Colorless. 


Cinchonia. 


Colorless. 


Colorless. 


Codeina. 


Colorless. 


Green ; blue ; yellowish. 


ColcMein. 


Yellow. 


Yellow, 


Colocyntliin. 




Cherry-red (slowly). 


Colombin. 


Orange, turning red. 




Conia. 


Colorless (pale reddish !). 


Pale yellow. 


Cubebiii. 


Bi-ight red, then crimson. 




Curarin. 


Lasting blue. 




Delphina. 




Red-bi-own. 


Digitoliu. 


Brown to red-browii. 


Orange ; cherry-red ;br'wn. 


Elaterijl. 
Emetia. 
Ergotina. 


Red. 

BrownisOi. 

Red-brown. 


Yellow. 


Hesperidin. 
Hydrastia. 


Tellow-red. 

Colorless ; atter lieating. 

purple. 
Brownish. 




Igasuria. 


Rose-oolor : yellowish ; 
greenish , 






Teliow-red. 




Meooniii (Opiimyl) 


. (Withheat, bine to purple! 




Morphia. 


Colorless. 


Violet ; green - yellow ; 
violet. 


Narceina. 


Brown to j'eUow. 


Yellow-brown ; yellowisli ; 
colorless. 


Nai-cotina. 


Tel. ; purple after warra'g 


. Green ; yellow ; i-eddish. 


Nicotia. 




TeUowish ; reddish. 


Ononin. 




Red. 


Papavei'ma. 


Violet ; blue. 


Violet ; blue ; yel'w ; color- 
less. 


Phloridzin, 




(Slowly) blue. 


Physostigmia. 


Yellow ; olive-ei-een. 




Piperin. 


Pale yellow ; brown. 


Yellow ; bi-own. 


Populin. 


Red. 


Violet, 




Olive-green. 




Quinia, 


Colorless. 


Colorless ; greenish.-'— 


Quinldia. 


Nearly colorless. 


Colorless ; greenish. 


SaUein. 


Bright i-ed. 


Violet ; cherry-red. 


Sareaparilliii. 


Deep red, tben riolet, then 




yellow. 




Benagm, 


Yellow-ied. 
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Siailaain, 


Yellow-rciL 




Solania. 


Eeddisli-yellow. 


Clierry-i'etl ; rcd-browii ; 


Strychnia. 


Colorless. 


Colorless. 




Blood-red, then violet-red. 




Tannic acid. 


Pui-ple-red. 




Thebaiiia. 


Blood-red ; yellow-brown, 


Orange. 


Tbeobromina. 


Colorless. 


ColorleBS. 


Veratria, 


Slowly to ci"imsou red. 


Yellow ; cherry-rod. 



137. Snlphnric a^id and bichromate of potassium: the 
solid alkaloid being dissolved in the acid and a very minute 
fragment of tJie bichromate being brought into contact with tlie 
liquid. 

With Strychnia, !i bfilliaut piny of changing colors, blue 
turuing soon to violet and then red-violet, tliea slowly fading 
— (delicate and distinctive). With Brucla, an orange or brown- 
ish-orango color. "With Narecina, a dirty-red mixture. With 
Ilydrastia, a brick-red to carmine-red color; with Picrptoxin, 
red-brown. With anilin, a yellowish to greenish tint first ap- 
pears, slowly passing into blue, which .ifter half an hour or 
longer becomes nearly or quite bla«k. With Curarin, a play of 
colors similar to strychnia (compare 13C). With aconitia, 
atropia, codeina, conia, morphia, narcotina, nicotia, solania, 
veratria, and many other alkaloids, — there is only the slowly 
formed greenish color of chromic oxide. 

This, the strychnia test, may be made with substitution of 
other oxidizing agents for the bichromate, the crystallized per- 
manganate of potassium perhaps giving the best results. Son- 
NEKsoHEiK advocates the use of ccroso-oeric oxide. 

138. Concentrated Nitric acid, of spec. grav. 1.42, gives a 
red or reddish-yellow color with the greater number of the alka- 

Biiicia, In the solid state, is dissolved by nitrie acid with 
intense b!ood-red color — solutions of the alkaloid giving the 
same with leas intensity or a reddish-yellow color. On warm- 
ing, or stnndingj the color changes to yellow : if now a drop of 



IlHACTIOX.'i VflTU SITIIIV ACJP. Itl 

solution of Btannons chloride is added, a purple color appears. 
Tho purple is discharged by either nitric acid or excess of stan- 
nous salt. Igasuria gives nearly tho same reaction, both ivith 
nitric acid and stannous chloride ; the violet to purple color with 
the last-named reagent being characteristic of brucia and igasuria. 

Morphia in some-vvhat concentrated solutions is colored yel- 
low to orange-red — the color is either not changed or is altered 
toward the yellow by stannous chloride (distinction from hrucia), 
— Codeina, Narceina, and Papaverina are colored red to 
orange-yellow by nitric acid ; and 2iarcotiita, Pseudomorphia, 
Opiania, Thebaina, and Rhmddia, yellow. Emdia is changed 
to a yellow, resinous mass, with partial decomposition. 

Coldmin is colored violet by nitric acid : the most concen- 
trated nitric acid, containing nitrous acid, fonning an intense 
blue-violet color. Tho color changes to brown, and fmaJly to 
yellow — these tints being more distinct in proportion as tho 
violet is deeper. If the chloroform solution of colchiciu is 
treated with concentrated nitric acid, a violet-rod color is formed 
and taken up by the chloroform layer.^— C^raWn is colored 
purple by nitric acid. 

Nitric D^\^ produces no color with Atropia (brown tint, fad- 
ing), Caffeina, Cinchonia, Conia (sometimes yeliowisii), Quinia, 
Quinidia, Solauia (becoming faint rose-red with bluisli rim), 
Theobromina. 

Berberina is colored brown by nitric nci.]. 

Daphnin is colored red, 

Piporin becomes greenish-yellow, orange, then red, and 
resinous. 

139. Concentrated sulphuric acid followed by nitrate of 
potassium (solid), with Narcotina gives a deep blood-red color 
(delicate and distinguishing). The color is discharged by much 
excess of nitric acid. — In the same test, Brucia gives an orange- 
red, and Opiania a scarlet-orange color. Codeina becomes 
fu-st greenish, then reddish. Narceina turns reddish-brown. 

140. Chlorine water followed by ammonia, — Quinia, {or 



I4S ALKALOIDS. 

Quinidia) treated first with fresh chlorine watsr and then with 
ammonia, gives a green, flocoulent precipitate which by excess of 
ammonia dissolves to an emerald-green solution (characteristic). 
On neutralization with an acid, the color changes to light blue, 
which becomes violet or red on supersaturation with acid, re- 
turning to greon with addition of excess of ammonia. Addition 
of solution of red fcrricyanide of potassium to the ammoniaeal 
green solution produces a red color (with Quinidia a bulky 
precipitate). A bettor result is obtained by adding the ferricy- 
aiiide after the chlorine and before the ammonia. The impure 
chlorine obtained by addition of hydroehlorie acid to chlorate 
of potassium sei-ves the pui-poso of this test. 

ColcJdcin, when treated with chlorine and ammonia, gives an 
m-aiigc solution. — Caffeina and Theobromina, treated with 
chlorine water (or nitric acid), then evaporated to dryness, on 
addition of ammonia give a purple-red color. ChloHne, alone,, 
with Brucia and with Igmurta gives a light red color; with 
Hyclrastia, blue fluorescence. Pkysostigmia, with solution of 
chlorinated lime, gives an intense red color, turning neai'ly 
black by faithor addition. 

141. Solution of Ferric chloride (dilute) colors solid Mor- 
phia, and Psetldomorplda blue. Also Daplimn blue in the 
cold, turning yellow when warmed. 

Moi-phia separates iodine from iodic acid. 

142. Platinio ohloiide solution precipitates the greater 
number of the aljtaloids, even dilute solutions (those in 3,000 or 
3.000 parts of water) — the precipitates being yellow, whitish- 
yellow or grayish-yellow, and some of them being soluble in 
cold hydrochloric acid. — Anilin, Digitalin, Physostigmia, and 
Solania, are not precipitated; and Aconitia, Atropia, Codcina, 
Ilyoseyamia, Narcotia, Nicotia, Sabadillia, and Veratria only 
from concentrated solutions. — The alkaloids next named give 
precipitates; each precipitate," after ignition, leaving a weight 
of pure platinum bearing a fixed ratio to the weight of (he alko- 
luitl — in accordance with the formula given. 
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ALKALOIDS. 



143. Aario chloride gives precipitates In water solutions of 
salts of the greater number of the alkaloids, as follows. Many 
of the pi-ecipitates are soluble in nlcohol. Some of them, on 
standing, separate the gold. The dried and ignited precipitates 
yield fixed quantities of metallic gold, according to the formulre 
and percent^es given : 



P. C, Auinpra. Color, etc., of the pre. 
Aconitia, C,,H,,M"0,.HCl.AuCl, ■ 33.1 Ligiityel., reduced 

after a time. 
Atropii,. C,,H:^,HO,.HC1.AuC1, . 31.3 Light yel. 
Bcrbcrina, Cj^H„B"0,,HCl.AuCl^ . 29.1 Dark yel., insol. in 

HCl. 

Bmcia, (Like Strycbua). 

Caffeina, C„H,,n:i,0,.HCl.AuCl^ . 3T.0 Lcm.-ycl., cryst'o. 

Cinohonia, Yel., (like Quinia). 

Cinchonidia, C,„H,,H',0(H Cl),AuCl, Yel., amorphous. 

Codeina, no precipitate, . . . (in concentrated solutions 

a brown precipitate). 
Colcliicin, Slowly, yel. flocks; 

becom'g reduced. 

Delphina, Light yel. 

Digitalhi, Slowly, a yellow 

cvyat'e precip. 

Emetia, '-iS.T Light yel., amorp. 

Ilyoscyamia, 31.2 Ycl.-white. 

Morphia, Light yel., dark'g, 

insoluble in cold 

HCl. 
Narceina, ...... Yel., beeom. rcilVl. 

Papavcriim, Dark yel. 

Physostlginia, Red'iah-bluo color, 

with reduction. 
Quinia, .....-- Light yel., amorp. 
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Quiiiidia, C,.H,^H-,0,(HCl),(AuCg. 



P. C. Auinpre. Coioi-,etc.,of lliepre, 
{Like Quinia) dry 
first ill vacuo, 
then at 100° C. ; 
melts at 115° C, 
or ill boil, ivater, 

Solania, no precipitate. 

Strychnia, 0,,H,^,O,.H Ca.AuCl, 29.2 Yel., amor., sol. in 
cold HCl, slight, 
sol. in water, ii!- 
sol. in ether, sol, 
in alcohol, from 
which it cryst. 

Thebaina, Eed-trown. 

ThoobrommiL, Slowly, slight, nco- 

dle-forrn, cryst, 
Voratrlii, Cj^H^^N^O^.H Cl.AuCl, . 21.0 Clear yel., amorp. 



GLUCOSIDES AND OTHER NEUTKAL BODIES: SOLID, 

144. ABBINTHIN", C,„H,,0,. A hard & d obscurely 
crystalline solid of very Litter tiiste. Slightly soluble ate 

very soluble in alcohol, soluble in ether, and solul le aqueous 
alkalies. It ia precipitated by tannic acid, not bj subacetate f 
lead. When treated, dry, with concentrated sulphuric acid a d 
the mixture slightly diluted with water, a bluo-vulct colci. It 
docs not reduce potassio cupric sulphate, but reduces amiiifinio 
niti'atc of silver to a mirror-coating. 



145. ALorpr. C„H,,0,. A 



■y stall izable. 



yellow 



l,*!"} OLUCOSjnES .-ixn orlTJ^n xeuthal solids. 

solid, of neutral reaction and a tssli, it fiiat sweet tnd llicii i i\ 
bitter. It bears 100° C without cliaiigo It li slightlj soluble 
in cold water or alcohol, moderately soluble in tho samo vlitn 
hot, and soluble (with a yellow coloi) m the alkalies iiid tliLir 
carbonates, — Cblorino gas, in a solution of alom t n x 1 i 
ycilow precipitate (chloraloil) Bromine also „ i 

precipitate. — Cocceatrated nitnc aoid ti ansloi 1 1 1 i 1 1 i 
chiysanimio acid. 

C'hryaammie acid, C,H,(IirO,)jO,, is a yellow or gi-eenish- 
yellow powder, of bitter taste and acid reaction, sparingly solu- 
ble in water, readily soluble in alcohol and in ether. It detonates 
when heated. Boiled, .with solution of staimoxis chloride it is 
precipitatetl as a deep violet powder, Chrysammnto of calcium 
in a dark red insoluble powder, 

146. AMYG-DALIN. C,,H„NO;,. A wliitc, pulvei-ubnt, 
and crystalline solid, neutral, without odor, and with sweol; iivict 
1 tter taste Soluble m 11 parts of ^^atel , sparingly soluble hi 
t W modeiately soluble in hot ilcrhol, insoluble in ether. — ■ 
Concentrated sulplmnc acid colors it light iirlot-red. By boil- 
mg dilute sulphuric acid, it is tiansformed into oil of bitter 
ilmcnds glucose, and foimic acid, by fermentation with emul- 
b 111, into bitter almond oil, h'^ droc) inio aoid, and glucose. (10 
pirts of anhjdrous amjgdalm, as dried at 110° to 130° C, or 
20 to 24 of ordinary commeicialamTgdalm, gives 1 part hydrocy- 
atiiL acid md 8 parts of bitter almond oil ) — Permanganate of 
potassium forms cyanio and benzoic acids 

147 AspARAoih C,H,K 0^(H,0) Tin 1 and brittle right 
rhombic (triHietnc) crystals ; inodorous and of slight taste. 
Soluble in 11 parts cold or 5 parts of boiling water (with slight 
a,cid reaction), insoluble in absolute alcohol, insoluble in ether, 
soluble in alkalies and acids. By fennentation with accompany- 
ing extractive substances, or with casein, succinate of .ammonium 
is formed (sometimes with tho intervening formation of aspartate 
of ammonium). 



CAXril.i RTDIX — CUUEIIIX. V>Z 

148. CAJTTHARIDIH". C,H,,0,. A colorless, odorless 
solid, crystallizing in rhombic tables or in. needles, not volatile 
at 40° C, slightly volatile with water at 100" C, fusing and 
suLliming at about 300° C, It acts as a vesicant on the skin. 
Insoluble in cold or wai-m water, sparingly soluble in alcohol, 
moderately soluble in other, freely soluble iu chloroform and 
benzole, soluble in oil of turpentine and in olive oil. Caiitharidin 
has the relation of an acid of very weak power. Its potassium 
compound is soluble in 25 parts cold or 12 parts boiling water, 
in 3,300 parts cold or 1 10 parts boiling alcohol, insoluble in other 
and chloroftii-m. The barium oantharidate is insoluble in water 
and alcohol, as well as in ether and chloroform. — Ciintharidin 
separations may be effected, fii-st, by solution in aqueous potassa ; 
then, after acidulating willi sulphuric or phosphoric iicid, by 
solution in chlorofonn. 

149. OATHATtTIQ ACID (of senna loaios) Caihartin 
— An amorphous brown to black solid soluble in aqueous 
alkalies and precipitated from this solution by acids In its 
natural condition, partly combined with calcium and magnesum, 
it is soluble in water ajid insoluble i:i alcohol Boiling dilute 
acids, in alcoholic solution, convert it— is a glufoside — into 
glucose and cathartogenio acid, a browii-ydlow powder, insoluble 
in water, alcohol, and ether. 

150. OOLtJMBHir. C„H,,0,. Colombo bitter. — A color- 
lass solid, crystallizing in trimctric prisms, neutral, inodorous, 
and extremely bitter. It is sparingly soluble in cold water, 
alcohol .ind other ; more freely in aqueous potassa, being preci- 
pitated from the alkaline solution by addition of aoids. — Strong 
sulphuric acid dissolves it with orange color, changing to deep 
red, and the addition of water to this solution causes a brown, 
flaky precipitate. 

151. CUBEBIBT. C,.H„0,^. A white solid, eiTstallizlng 
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ill small needlos, melting at 120° C, inodorous, antl tasteless. 
Slightly soluble in water and in cold alcohol, more soluble in 
boiling alcohol, soluble in 26 parts of ether and in acetic acid. 
It is precipitated from alcoholic solution by potassa. Concen- 
trated Eulphurio add colors it bright red, soon chan^ng to 

152. EIiATEBTN'. A colorless solid, crystallizing in hexa- 
gonal tables, fusible ; insoluble in water, ireely soluble in alcohol, 
sparingly soluble in ether. Precipitated from alcoholic solution 
by acetate of load and nitrate of silver. Soluble in sulphuric 
acid as a red liquid, giving a bi-own precipitate on dilution 

153. FEAXIM". (C^^H.,pJ,np. A white solid, r-rys- 
tallizing in tufta of needles or right-rhombic prisms, of a slight 
acid reaction, inodorous, slightly bitter and astringent to the 
taste. It melts at 320° C, to a red liquid, solidifying amorphous, 
and dissolving in water with an orange color. At a higher heat 
it yields a crystalline subJimate, the aqueous solution of which, 
witli ammonia, shows a yellow fluorescence. Sparingly soluble 
in cold, freely in hot water, moderately soluble in alcohol, slightly 
soluble in ether. The dilute aqueous solution has a blue or 
blue-green fluorescence, favored by alkalies but prevented by 
acids. The alcoholic solution is likewise fluorescent. It is 
ttiraed yellow by fixed alkalies in aqueous solution, or by vapor 
of ammonia acting on the crystals ; in aqueous solution ferric 
chloride causes a green color, followed by a yellow precipitate. 
Acetate of lead gives a yellow precipitate. Boiling dilute acids 
rcsclvc it (as a glucoside) into fraxetin and glucose. Praxelin, 
with strong nitric acid, shows successively dai-k violet, garnet- 
rod, Tosc-reil, and yellow colors, then becoming colorless. 

154. IiACTUCIN. A yellowish, fusible, bitter solid; crys- 
talH^ablo in rhombic plates; soluble in SO parts of cold water, 

sic 



modoratclj- soluble hi alcohol, sparingly soluble in ctlicr, soluble 
in acetic aold. Strong sulphuric acid turiia it brown. 

155. PHLOKIDZIN. C„H„0,„. Crystallizes in silky 
needles or tufts, slightly bitter. Soluble in water, sparingly 
when cold but freely when hot; soluble io alcohol and methylic 
alcohol ; insoluble in ether ; soluble in aqueous alkalies. Dry 
pliloridzin, treated with ammonia gas, on standing in the air, 
becomes, successively, orange, red, and blue (formation of phlo- 
rizein). Strong sulphnrlo acid colors it red. Dilute sulphuric 
acid, by prolonged contact, changes phloridzin to glucose and 
phloretin. The latter is an easily oxidizable substance, dissolv- 
ing in ammonia, the solution soon depositing yellow scales. 

156. POPUUW. C„H„0,. A colorless solid, of a sweet 
taste, crystallizing in silky needles (with 2H,0), which become 
anhydrous at 100° C. and melt at 180" C. Populln dissolves in 
2,000 parts of cold or 70 parts of boiling water, in about 100 
parts of absoiute alcohol, scarcely at all in ether, freely in mode- 
rately dilute acids, also in alkalies. It is precipitated from its 
acid solutions by alkalies, from its alkaline solutions by a^ida, 
and from its water solution by common salt. With concentrated 
snlphnnc aflid it forms a deep-red solution, from wliicli water 
precipitates a red .powder, soluble in water not acidulated but 
reprecipitated by acids. Friihde's reagent colors populin violet. 
Boiling dilute mineral acids convert populin, as a glucoside, into 
benzoic acid, saligenin, and glucose. Boiling with hydrate of 
calcium resolves populin into benzoic acid and sallcin. 

157. QITASSIN. C,„H„0,, A colorless, inodorous, and 
very bitter solid, crystallizing in opaque, w hi t«, columnar prisms, 
melting when heated. It is soluble in about 200 parts of water 
of medium temperature ; freely soluble in alcohol, slightly solu- 
ble in ether. Cold concentrated sulphuric acid dissolves it as a 
colorless liquid, from which water pi'ecipitates it unchanged. 
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Tanniu acid precipitates it, both from aqueous and alcoholic sc 
tioua, but lead salts and jnercurie chloride do not afi'ect it. 
D nitrate of silver. 



IBS. SABSAPABHiLZH'. a colorless solid, crystallizable 
ill needles ; soluble in water anil in alcohol, soluble in ether and 
in volatile oils. The solutions froth when shaken. Strong 
Bulpburic acid dissolves it with deep red color, changing to 
violet and finally to v.^Uow. Prom this solution water precipi- 
tates it unaltered. 

159, TABAXACIK. Crystallizes in warty masses, of a 
pleasant bitter taste, fusible, and soluble in water, alcohol, ether, 
and in concentrated acids, 

160, VANTLLEN". Cj^H^O,- Crystallizes in long, colorless, 
four-sided prisms, melting at 76° C. (or 82° C), distilling with 
vapor of water, and subliming in part at 150° C. It is neutral 
in reaction, and has the characteristic odor of vanilla. It is 
nearly insoluble in cold, moderately soluble in hot water, freely 
soluble in alcohol, ether, and volatile oils. It dissolves in strong 
sulphuric acid and in potassa. 

161, Separation of the Glueosidea and Neutral Com- 
pounds — described in 144^160 — by Water, Alcohol, Ether, and 
Aqueous Alkalies (recapitulation) : 

a. Water dissolves Absinthin (sparingly), Aloin (hot, spar- 
ingly), Amygdalin, Asparagin, Cathartin, Columbin (sparingly)^ 
Cubebin (slightly), Trasin, Laotucin, Phloridzin, Populin (spar- 
ingly), Qaassin (sparingly), Sarsaparillin, Taraxaein, Vanillin 
(slightly). — Water does not dissolve Cantharidin, Cubebin (ex- 
cept sliglit portions). El aterin, Vanillin (except slight portions), 

S. Aloohol dissolves Absinthin, Aloin, Amygdalin, Cantha- 
ridin (sparingly), Colombin (sparingly), Cubebin (sparingly), 
Elaterin, Fraxin, Lactucin, Phloridzin, Populin (sparingly), 
Quassin, Sarsaparillin, Taraxaein, Vanillin.^ — Alcohol does 7iot 
dissolve Asparagin, Cathartin. 
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c. Iither dissolves Absinthln, Aloin (spari%ly), Cantharidin, 
Cubttbin, Elaterin (sparingly), Laotucin (spariiigiy) , Sai-sapa- 
lillin, Taraxacin, Vanillin. — Ether does not dissolve Amygdalin, 
Aspa.ragin, Fraxiii (except slight portions), Phloridzin, Populin, 
Quassin (except slight iiortiims). 

d. Aqueous alkalies dissuhe Absinthin, Aloin, Asparagin, 
Oathartin, Colbmbin, Phloridzin, Populin, Vanillin ; do not 
dissolve Citbebin. 

[For Dragendorff'fi elaborate process for separation and identification of 
Foreign Bitters in Beer, see Arch. Pharm. (3), iii., S95 ; iv., 3S9 ; or Jour 
Chem, Soa, 1814, p. SIS; or Fimcott's Exam. Alcoholic Liquora, N. Y., 1874.] 



NITROGENOUS NEUTRAL BODIES. 

162. AZiBtTMENOrDS. Varieliesof Albumen, Fibrin, and 
Casein. — Cliaractenzeil as infusible, non-volitilo, amorphous 
solids, neutral in reaction and indifferent to combination ; in 
natural condition, soluble in water containing alkalies or contmn- 
ing certain salts of alkalies ; rendered insoluble in water by a«ids, 
and gcnoraJly by heat in abaenco of dissolving agents, and by 
salts of certain heavy metals. Farther, they give a reaction for 
nitrogen («), and color-testa with strong hydrochloric acid (ft), 
and with mercuric nitrate in nitric acid (c), and act as reducing 
agent* (<f). — Albumenoids are distinguished and partly ag>a»'ate« 
from Gelatin, Gums, and Dextrin, by their coagulation with 
befit or with mineral acids ; they are separated from starch by 
dissohing in solution of alkali too dilute to affect the starch 
(,co 17C,/). 

«. ilix the flcll-dried substance with dry soda-lime, intro- 
duce into a hard-glass long-necked matrass (or long and narrow 
test-tube), place a slip of red litmus-paper in the month, and 
heat, gradually, to incipient carbonization. Production of am- 
monia (thi^ b.ise bcinsr absfnt ni the «nl)^tanrc) indicates a mti-o- 
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gciious organic body. — Albunieiioids, on boiling with potaflsa 
solution, yield ammonia ; a farther quantity being obtained by 
adding permanganate (Wanklyb). 

b. Strongest hydrochloric acid dissolves albumenoids to a 
yellowish eolor, whieh becomes blue or violet hy exposure to 
the air. 

c. Acid mercuric nitrate .solution — prepai-ed by dissolving 
one part of mercury in two parts of nitrio acid of spec, gi-av. 1.42 
—on digestion with solid albumenoids, at 60° to 100° C. (140" 
to 212° F.), gives a deep red color. If the substance tested is in 
solution, it should be concentrated, and used m such small pro- 
portion that the reagent ia not much diluted. 

t^ Alkaline oupric solution is turned violet by albumenoids, 
and on warming the cuprous oxide is quickly reduced. Solution 
of permanganate is also reduced by albumenoids. 

Vndei' the Microscope, albumenoids are turned yellow by 
iodine, and puvplc-violet by sulphuric acid with sugar. 

163. OvALBUMBN. Soluble in water with some turbidity 
and suspension of skinny particles ; this solution being rendered 
nearly clear by alkalies or allcaline carbonates or common salt. — 
Chemically neutral water solutions are coagulated by heating to 
a very little above 63° C (145° F.) ; by alcohol, cai'boUc aoid, 
and creosote; by ether (but not completely), by nitric acid 
(quickly and completely), by hydrochloric acid (slowly redissolv- 
ing when the acid ia strong), and by sulphuric acid (slowly). Salts 
of silver, mercury, etc., coagulate it; also alum. Aeetie and 
tribasic phosphoric acids do not coagulate it, but (by neutraliz- 
ing the natural alkali) they render its pure water solution still 
more turbid. Taimic acid coagulates it quickly.— Strong potaasa, 
or soda, gelatinizes albumen. 

J'hr weighing, albumen is precipitated from slightly acidu- 
lated solutions by boiling, washed with water, and dried first 
below 50" C. (122° F.), then at 100" C. (So treated, it is not 
rendered insoluble.) 

164. Shualhumev. DissolvcFi in water with some. turbidity. 
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Coagulated at 75° C. (167" h'.), or, in presence of alkaline salts, 
at a higher temperature, while in presence of acetic acid a lower 
temperature suffieea. Coagulated by dilu n al a d slowly 
or if heated quickly; redissolved hy ro g a id and 

(readily) ty hydrochloric acid. Coagulat 1 1 y al hi not by 
ether (distinction from Ovalbumen), — C i^ula d h alts of 
mercury and silver, — Aqueous alltalies di 1 1 te 1 serai- 

bumen. 

ie5. Casein. In natural condition, dissolved clear by water. 
Coagulated by rennet (separation from milk albumen) ; by 
moderately dilute acetic acid (separation froni ovalbumen, seral- 
bumen, milk albumen) ; by ether and by mineral acids and mer- 
curic chloride. Not coagulated by dilute alcohoi or by boiling 
(separation from aeralbumen and from ovalbumen). Alkalies 
and strong aeida, even strong acetic acid, dissolve coagulated 
casein. [Farther, see Phar. Jour., 1874, Sept. 5, p. 188.] 

186. Milk Aleumes, (0.3 to 0,5 per cent, of healthy cows' 
milk; found as high as 3 to 10 per cent, in diseased milk and in 
the colostrum.) — Not coagulated by rennet, but coagulated hy 
boiling, after the slightest acidulation with acetic acid (two means 
of separation from Casein). Coagulated by mineral soids and 
salts of heavy metals ; the coagulum being soluble in alkalies. 

187. Determination of Caa&in and Albumen in Milk. — 
a. Take 50 grams of milk, add an equal quantity of water, add 
rennet,,jjset aside at 40° to 50° C. Gather the precipitate (the 
casein with most of the fats) in a tared filter, wash with water, 
then with alcohol, then with ether thoroughly, dry at 110'^ C, 
and weigh as Casein. — To the filtrate from the curd (and first 
water washings), add 4 or 5 drops of acetic acid and boil. 
Gather the coagulum in a tared filter, wash witli water, dry at 
110° C, and weigh as Albumen. — (The filtrate from the curd of 
albumen is saved for determination of the Sugar, according to 
187, I. This filtrate contains a minute proportion of an albume- 
nold called Lacto-protein, which is coagulated by mercuric nitrate 
— not by nitrie acid.) 



168. Quantitative Analysis of Milk. 

(1) Determine the Total Solids, as directed in 64, b. 

(2) Determine the Fats, as directed in 64, 5 {or a). 

(3) Determine the Casein and Albumen, as directed in 167, 

(4) Detei-mine the Sugar, from the filtrate of 167, according 
to 187, 1. 

(5) Determine the Salts (soluble and insoluble in water). 
Evaporate 20 grams in a tared dish, with a tared small glass rod, 
ignite to whiteness (by triturating) ; weigh, then extract with 
water and dry and weigh the residue. 

169. Commeroial Sxaminations of Milk usu.ally require, 
more especially, the following operations : 

(!) Find the volume per cent, of cream. (Or nso a la^to- 
seopc— 64, c.) 

(2) Take the specific gravity, and consider the relation 
between this and the amount of cream. Skimmed milk has a 
specific gravity about 0.004 greater than entire milk (from 
Chandler's averages.) 

(3) For more exact data, find the aolkh minus fitta, as 
directed in (1) and (3) of 168. The " solids not fat " is nearly 
the same proportion of the milk of different cows — aieo, of the 
whole milk, the skim milk, and the cream, alike (Wanklyk). 
Hence, variation in this quantity indicates sophistication. 

(4) Examine with the microscope (presence of colostrum 
globules usually coinciding with excess of albumen), and test 
for impiij'ities in general. 

170. GEIiATHf. (Isinglass, Glue, " Gelatin.") An infusible, 
non-\olatilo, amorphous, hoi-ny solid; colork-ss to yellowish, 
translucent, brittle, odorless, and tasteless. — Characterized as a 
neutral and indifierent substance, evolving ammonia freely 
when heated dry with soda-lime or when boiled with potassa 
solution and permanganate (see Albumenoids, 163, a), and 
existing in a soluble and an insoluble condition. — Its soluble 
form (limoUfif very slowly and slightly in cold water, gradually 
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and complotelj in lioihng «at«i, tho sulution jf not \ery dilute 
eotjgeallng into a tremulous jelly-blie mass when cold (distinc- 
tion ffoni Albumenoids -whifh are coagulated by boiling). — 
Gelatin solution is coagukited by alcohol, by mercuric chloride, 
by chlorine gaa, and especially by tannic acid {foimation of 
lea,iher) (the last, a separation from Gum arable and Dextrin), 
lu distinction, and separation from Albumenoids, it ia not pre- 
cipitated by nitric, hydrochloric, or sulphuric acids, or by salts 
of silver, wpper, lead, iron, or aluminum. In not being precipi- 
tated by basic acetate of lead, it is separated from Dextrin, 
soluble starch, stai-ch-paste, and Gums. — Gelatin solution dis- 
solves the recent caprio hydrate, as formed in cupric sulphate 
solution by excess of potassa, turning the color to dark ^ iolet, 
which on warming becomes rod, without precipitation of cuprous 
hydrate. It promptly i-educes permanganate solution. 

100 parts of gelatin, as dried at 130° C, by precipitation 
with tannic acid, jilM about 135 parts of leather precipitate, 

171. I^ATHER jields its tannic acid to boiling dilute 
aicohol, the gelatin lemaining copulated. The dried and finely- 
rasped 'leather is first freed from oils and resins by digestion with 
ether free from alcohol, along with water. Untanned gelatin 
may be detected in leather, by the translucenCa of thin shapings 
(of the central portion), and by yielding a solution of gelatin 
when long macerated with water at about 90° C. 
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173. GUMS. Mostly C,H,„0, (as an anhydride) in com- 
bination with alkaline-earthy bases or with water. Characterized 
as infusible and non-volatile, amoi'phous substances, destitute of 
niti-ogen, more or less perfectly soluble in water, insoluble in 
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absolute alcohol, ether, benzole, etc. ; precipitated by subacetate 
of lead ; and not readily transformed to glucose by boiling with 
dilute acida (a distinction fi-om Dextrin and from Starch). 

173. Gou Arabic, Gum Acacia. Arabin, or Arabates of 
calcium, magnesium, potassium, etc.-— Soluble (by digestion) in 
2 parts of water, forming a syrupy liquid of spec. grav. 1.13, 
which mixes cloar with 2^ times its volume of 35 per cent, 
alcohol. Soluble in 20 to 25 parts of 45 per cent, alcohol. If 
acidulated (with mineral or acetic acids), arabic acid being 
liberated, it is much less soluble in dilute alcohol, i.e. requires 
for solution alcohol more dilute. 

Gum arabic is characterized by a white precipitate by sub- 
acetate of lead or ammoniacal acetate of lead, in very dilute solu- 
tions ; by giving (with oxalate) the i-eactions of calcium (distinc- 
tion from Dextrin and Starch) ; by forming an almost insoluble 
jelly when in satm-ated solution it is treated with about Jj 
volume of concentrated solution of ferric chloride, and by pre- 
venting the precipitation of iron salts by alkalies when in dilute 
solution (two points of distinction from Dextrin). 

As, a rednAicing agent, fresh solution of gum arabic, with potas- 
sio cupric solution, precipitates the cuprous hydrate after heating 
to 100° C. (Dextrin effecting this reduction at a gentle heat). 
Stale solution of gum arabic generally contains glucose. 

Gum arable givea-.^E, precipitate with tannic acid {sqyara- 
tion from. Gelatin and' Ovalbumen) ; or with mineral acids 
(separation from Albumenoids) ; and no reaction with iodine 
(distinction from Starch), 

Sulphuric acid, added to its one-half volume of concentrated 
acacia gum. solution, turns it brown to black. Boiling witli dilute 
sulphuric acid slowly transforms gum acacia (in part) to glucose. 

Ordinary gum arabic, at 90° to 100° C, loses 10 to 15 per 
cent, of moisture ; above 100° C, it is so altered as to be imper- 
fectly soluble, 

174, Gum Traoacanth is only in small part directly soluble 
in watc;r, in which it s\yeUs to a jelly ; the greater pai't dissolving 
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by long boiling. The solution so formed consists chiefly of 
Arabin, with a very little Glucose, and gives reactions for these 
substances, according to. their proportion. Boiling with dilute 
sulphuric or hydrochloric acid dissolves the gum more rapidly 
than with water, producing a little larger proportion of glucose. 
— The residue not soluble in pure, water contains starch, and is 
colored biue by iodine. 

175. DBXTEIN. British Gum. C,H,,0,.— A jcllow-wjnte 
to colorless amoi-phous solid; tasteless and odorless. It is 
sohible in about one part of water, to a syrupy senji-liqiiid, 
which is miscible with 1^ volumes of 60 per cgjit. . alcohol or. 
with 3 volumes of 50 per cent, alcohol. /It is iiisoWble 'm 90 per 
cent, alcohol, sufficient of which precipitates it from solutions not 
too dilute ; and insoluble in ether, chloroform, bisulphide of 
carbon, etc. — Commercial dextrin almost always contains glu- 
cose ; frequently contains " soluble starch " (15 per cent, of which 
is held not objectionable) ; and is sometimes brown from pre- 
sence of caramel. 

Concentrated sulphuric acid dissolves dry dextrin, without 
color in the cold but with blackening when warmed. — Subacetate 
or ammoniacal a«etate of lead precipitates dextrin from very 
dilute solutions (in cold and dilute solution, a distiiiction from 
Glucose). — Pure dextrin (free from glucose) reduces potftsslo 
OUplic sulphate at 80° to 90° C. .. It does not reduce boiling 
solution of cupric acetate (distinction from Glucose). — Pure dex- 
trin is not colored by iodine, (distinction from Starch and ?' solu- 
ble starch"); nor precipitated by tannic Mi& {separation from 
Starch and soluble starch. Gelatin, and Ovalbumen) ; nor by 
mineral acids (separation from Albumenoids) ; nor by baryta 
water (separation from Soluble Starch). 

Dextrin is dried (over a glycerin-bath) at 110° C. Its preci- 
pitate by subacetate of lead is Pb CjH^„0„. 

17e. STARCH. Chiefly C,H„0. ; being an organized body, 
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of many varieties of struetiivp, and containing cellulose in the 
envelopes of the granules, — Varieties of starch are identified by 
their form under the microscope {a). Starch in general is 
characteHzeci by its relations to solvents (b) ; its color with 
iodine (c) ; its precipitates with tannic acid, subacetate of lead, 
anci baryta fd") ; and ita easy transformation to " soluble starch,", 
dextrin, and then glucose (e). — Starch-paste and "soluble starch," 
botii, are diatmguished and in part separated from Albumenoids 
by non-precipitation with heat, or with mineral acids (e) ; from 
Gelatin by precipitation with subacetate of load {4) ; from Gums 
by precipitation with tannic acid, and from Dextrin by precipita- 
tion with tannic acid or with baryta water (<?). The complete 
separation of starch from Albumen, Gelatin, or Gum is effected 
by first changing it to glucose (e) and then washing the latter 
away (from the cof^lum) with strong alcohol. — Starch is sepa- 
rated from Grains or other parts of Plants by water-washing 
(/), and determined directly or as glucose (j). 

a. The siareh granulM are from -juVir *^ ^ir '"'^^ "^ diame- 
ter, flattened and ovate, with concentric rings (the borders of 
overlapping layers), and mostly with a small eccentric nucleus. 
They are characteristic of each variety. 

h. Natural starch is insoluble in water, alcohol, ether, etc. 
Water at 60° to 75° C. (140= to \m° F.) bursts the granules of 
natural starch ; a small part of which is apparently dissolved, the 
larger part I'emaining suspended in minute particles forming a 
gelatinous semi-solution, while a small portion, consisting of the 
envelopes, readily subsides, the whole being known as Starch- 
paste. Boiling water slowly changes stai-ch-paste to "soluble 
starch" and to Dexti-in. — Caustic potaasa solution of 2 or 3 per 
cent, caxises starch to swell to starch-paste ; finally forming some 
" soluble starch." — Wlien starch is triturated with two-thirds ita 
weight of Goucentrated sulphuric acid, in the cold, and left for 
an hour, then washed on a filter with alcohol till free from acid, 
it is transformed into " Sohtble Starch." 

This is a modification of starch, soliible in cold or hot water 
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to a syrupy liquid not quite so clear as dextrin ; colored blue to 
violet Avith iodine (distinction from Dextrin) ; precipitated by 
alcoliol when the latter is as much as 50 per cent, (dextrin re- 
quires stronger alcohol for precipitation) ; precipitated by tannic 
acid and by baryta water (two ways of separating from dextrin) ; 
precipitated by subacetate of load (coinciding with dextrin). 

Concerning solution of starch by its transforiuatioii into Dex- 
trin and Glucose, see e. 

c. Free iodine — in solution with water or alcohol or water 
with iodide, or in vapor — colors starch blue to violet, forming 
ihe" iodide of starch" (a product of adhesion). The coloi- is 
destroyed by heating (returning when cold), by washing with 
alcohol, and by chlorine, potassa, hydrosulphuric acid, or other 
sigents which bring the iodine into chemical combination. 

d- Tannic acid precipitates starch-paste ; the precipitate 
l>eing soluble in excess of the starch, and soluble by heat — sepa- 
rating again when cold. Baryta water, and solution of snbacetate 
of lead or ammoniacal solution of acetate of lead, precipitate 
starch-paste (as we!l as soluble starch). 

e.': Starch is changed to Glucose (through soluble starch and 
dextdn) very quickly by boiling dilate mineral acids (two to 
three per cent.); very slowly by boiling with water, and quite 
cifcctually by the conditions of the alcoholic and " saccharine " 
fermentations. 

/. Ocreal ffrains, or other parts of plants, ai'e finely pulver- 
ized, and then washed on a hair sieve with cold water, and the 
washings allowed to subside (as in manufacture). The starch 
residue may be washed again through a bag of fine linen. The 
residue is then washed on a filter with 45 per cent, alcohol con- 
taining 0,1 per cent, potassa, then with 60 per cent, alcohol, then 
with ether ; and dried, first below 60° C, lastly at 100' to 110° 
C, when it may be weighed, as starch. 

g. Starch may bo determined as Glucose (187, /); after boil- 
ing Mith dilute sulphuric acid (e) and neutralizing. C^H^jO, : 
C,H,„0, ; : 180 L 162. 
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111. PECTOUS SUBSTAWCES. Vegetable products cor- 
responding ill properties to the gelatinoids of the animal king- 
dom, 

178. Pbctosb. Insoluble in water, alcohol, or ether. Dis- 
solved as Pectin, etc., by long boiling with water, more readily 
with vegetable acids. Hot dilute mineral acids dissolve pectose 
as Pectin, which by longer treatment becomes Metapectin. 
Alkaliea, by liot aqueous digestion, form soluble salts of Meta- 
pectio aciJ. 

179, Pectin. Neuti-al ; soluble in cold or hot water; gela- 
tinized by dilute alcohol and precipitated by strong alcohol ; 
changed by hot mineral afiids to Metapectic acid ; changed by 
cold dilute alkalies into soluble salts of Pectic acid, by hot and 
strong alkalies into soluble salts of Metapectic acid. 

ISO. Pectic Acid. In its moist state, gelatinous. Neutral 
in reaction. Insoluble in cold aud scarcely soluble in hot 
water ; by boiling water slowly changed to soluble Parapectio 
acid, afterward to Metapectic acid. Pectic acid jelly is hardened 
and parapectic acid solution is precipitated by alcohol and by 
solution of sugar. Boiling with dilute aclda readily converts 
pectic acid to Metapoctio acid. Alkalies, on contact with pectic 
acid, form pectates soluble in water but insoluble in alcohol. 
The pectates of non-alkaline metals are insoluble in water. Boil- 
ing with aqueous alkalies converts pectic acid into soluble salts 
of Metapectic acid. 

181- Parapectin is neutral, soluble in water, insoluble in 
alcohol, by which its aqueous solution is gelatinized. Boiling 
dilute aoida convert parapectin into Metapectin. Aqueous 
alkalies, on contact with parapectin, forai soluble salts of Pectic 

182. Parapectic acid is soluble in water (with acid reaction), 
the solution changing into one of Metapectic acid, Parapectio 
acid is precipitated from water solution by strong alcohol. It 
forms soluble salts with the alkalies; iusolublc salts with the 
other metallic bases. 
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188. Metapectis is soluble in water (with acid reaction), 
insoluble in alcohol. Alkalies form with it the soluble salts of 
Peclic acid, 

184. Metapectic Acid is producible from all peetous sub- 
stances, but produces none of them. It is soluble in water (with 
acid reaction) ; sohible in alcotiol (separation from all other pee- 
tous substances) ; and forms soluble normal salts with all the bases 
(!he non-alkaline salts of other peetous acids being insoluble.) 

Solution of sufaacetate of lead precipitates all the peetous 
substances (including metapectic acid). Hot potassio cuprio solu- 
tion is reduced by all the peetous substances. Tliey are but 
slightly or not at all changed to Glucose, by boiling dilute acids. 

ISB. CELLULOSE. (0,H,„Oj!i. Ckamet&'iud by its 
physical properties and relations to solvents (k) ; by its trans- 
formation into parchment-paper (f), and into dextrin and glucose 
(u), and by its formation of gun-cotton (rf). It is s^^tYfterf from 
ytarch by its solubility in ammonio eupric solution (a), and by 
its insolubility in hot dilute acids, 

a. Pure cellulose is a white, translucent solid ; of specific 
gi'avity about 1.5; insoluble in water, alcohol, ether, oils, and 
other neutral solvents. It is slowly disintegrated and partly dis- 
solved with decomposition by strong aqueous allcalies. Hot 
dilute mineral acids scai'cely aifect it; moderately dilute nitrio 
acid changing it to Xyloidin. — Finely divided cellulose slowly 
dissolves in a solution of oxide of copper in strong ammonia ; 
being precipitated therefrom unchanged by hydrochloric acid, — 
Fibres of cellulose, superficially softened by sulphuric acid, or 
by potassa solution, are colored violet to blue by iodine solution, 
and are by this means rendered distinctly visible under the 
microscope. Also, by dipping in a 1 per cent, solution of potas- 
sium iodide and drying, then immersing in strong sulphuric acid 
and washing with water, cellulose is converted into a blue sub- 
stance, showing red and blue globules under the microscope 
(Tlkeell), 
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b. Sulphuric aoid of about 1.5 or 1.6 spec, grav., acting foi' a 
very short time oa cellulose (unsized paper), changes its state of 
aggregation so as to form pai-ehment-paper. 

c Concentrated sulphuric acid, in the cold, slowly dissolves 
(thoroughly dry) cellulose to a colorless syrup, which closely 
resembles dextrin. It is, however, colored blue, or after stand- 
ing some days in the acid, violet to brown, by iodine. The name 
amyloid has been applied to this substance. If it is now, after 
several days' contact of the a^id, diluted with 30 or 40] parts of 
water and boiled (until a portion is not precipitated by strong 
alcohol), it is wholly converted into glucose. 

(7. Nitric acid of spec, grav. 1,5, or a mixture of nitrate of 
potaasa 2 parts and concentrated sulphuric aoid 3 parts, at a tein- 
perature below 50° C, (122° F,), converts clean, dry cotton wool 
(finely divided cellulose), by 24 hours' contact, into nitroceSiilose. 
Tills is washed first with cold water, then with hot water, lastly 
with alcohol and dried at ordinary temperature, 

186, Nitrocellulose, Pyroxylon, or Gun Cotton is the sub- 
stitution of (M'Oj),_, for H,_, in C^jH^O,, — , the lower substi- 
tutions being most soluble in ether, the higher substitutions being 
most explosive. It is more readily soluble in alcoholic than in 
pure ether — formation of Collodion. It is not attacked by dilute 
acids or alkalies : strong aulphuric acid dissolves it slowly, strong 
alkalies dissolve it with decomposition. — The residue from collo- 
dion is unchanged pyroxylon, in a firm and elastic mass, capable 
of being moulded .at about 140° C. 

187. G-LUCOSE. C,H,,0,.H,0. Orapo sugar. SLivch 
sugar. Dextrose. — Characterised by its physical properties and 
solubilities (a) ; its rotation of polarized light (J) ; its reactions 
with potassa (c) and, as a reducing agent, wiUi potassio cuprio 
solutions ((f), cupric acetate (e), ferrieyanidc of potassium (/), 
aramonio silver nitrate {g), bismuthic subnitrate (A), and molyb, 
date of ammonium (i). It precipitates ammoniaoal acetate of 
lead (J), and reacts with Mlamiic chloride and cobaltous hydrate 
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(A). — M-om Sucrose, it is distinguished by a stronger reducing 
power (<?, e, j^, ^, «), by not blackening with concentrated sul- 
phuric acid (189, c), but turning brown with potassa solution (c). 
— M-om Xactose, it is distinguished by strouger reducing power 
(e, i), less soluble precipitate with ammoniacal acetate of lead 
(j), and by not blackening with eoueontrated sulphuric acid. — 
From Fmctose, it is separated by crystallization, and rlistin- 
ff^iished by contrary rotation (6). — It is separated from Dextrin, 
Soluble Starch, Gums, the Pectous substances save metapectic 
acid, Gelatin, and Albumenoids, by solution in 90 per cent, 
alcohol {a) ; from Fats, etc., by insolubility in ether. — It is 
determined by the volumetric solution of potassio cupric salt 
{I), or by the polariscope (S), or by fermentation (m). 

a. Glucose crystaUizes, with some difficulty, in warty or 
cauliflower-like masses, hydrated ; but from strong alcohol, in 
anhydrous needles. At 60° C, the hydrate becomes an anhy- 
drous, white powder ; at 100° C, the hydrate melts to a trans- 
parent mass ; but the anhydrous glucose melts at 130° C. For 
weighing, it should be well dried at 60° C, then at 110° C. 
(without melting). — Glucose is soluble in a little more than one 
part of cold water ; a saturated solution having a spec, grav, 
1.206 and containing 45 per cent, of anhydrous glucose. Dilute 
alcohol dissolves it freely ; 100 parts of 90 per cent, alcohol dis- 
solve 3 parts in the cold, 90 parts with boiling; in cold, absolute 
alcohol it is scarcely at all soluble. , Insoluble in ether, chloro- 
form, oils; soluble in 60 parts hot amylic alcohol; soluble in 
me thy lie alcohol. 

5, Anhydrous glucose has a specific rotatory power of 55° 
(Pasteur) to the right, 

c. Potaasa, or milk of lime, when warmed in solution of 
glucose, causes a- reddish-yellow to brown color with deposition 
of a humus-liie substance (distinction from Sucrose). 

d. The test for redttction of eiipi-ic hy^'ote to cuprous 
hydrate in presence of alkali may bo made by adding a drop or 
two of cupric sulpliafce solution and then an excess of potassa, or 
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by usQ of enough of the standard eolutioa specified in k to tinge 
the test-liquid bluish. At a gentle heat (short of boiling) glu- 
coae throws down the brownish-yellow precipitate of cuprous 
hydrate, changed by boiling to a bi-ownish-red precipitate of 
cuprous oxide. Without heat, the reduction occurs after standing 
some time. (Compare Sucrose, h.) 

e. Solution of onprio acetate is reduced by glucose on boil- 
ing (distinction from Sucrose and from Lactose— the latter effect- 
ing a slight reduction after long boiling), 

/. Ferricyanide, of potawium (1 part) in solution with 
potassa (^ part), at 80° to 100° C, is reduced by glucose to ferro- 
cyanide. The reduction is shown by loss of color, and by a 
blue precipitate with ferric salt. (Distinction from Sucrose and 
from Dexti-in.) 

g. Boiling solution of glucose separates silver (black) from 
nitrate of silver ; more readily blackens the recent oxide of 
silver, and gives a dirty gray precipitate in solution of ammonio 
nitrate of silver (the latt«r a mcains of distinction from Sucrose). 

h. Basic bi^muthio nitrate, with carbonate of sodium, ia 
reduced by boiling solution of glucose^ with precipitation of bis- 
muthoua oxide as a dark gray sediment. 

i. Solution of molybdate of ammoiuiun, at boiling heat, is 
reduced by glucose, ivith formation of the blue molybdio molyb- 
date (distinction from Suei'ose, Lactose, and Dextrin). 

j. Ammoniacal acetate of lead solution is predpltated by 
addition of concentrated solutions of glucose, the precipitate dis- 
solving in excess of glucose solution, but appearing again on 
boiling in solutions not too dilute and remaining when cold. 

k. Stannic chloride blackens when warmed with glucose. — 
Kitrate of cobalt in concentrated solution of glucose is not 
colored by addition of solid potaasa and boiling (with pure 
Sucrose a violet-blue precipitate is obtained). 

Quantitative. — I. Glucose is determined in its reduction of 
copper by use of a standard solution made as follows : 34.64 
grams pure crystallized cupric sulphate dissolved in 200 c.c. 
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water, vYitli 150 grains »&uteai.^©tassi«=tapl>¥*ie in aliout 500 c.e. 
of a 10 per cent, solution of soda (sp. gr. 1.14), the mixture 
diluted to 1 litre, 1 c.c. is reduced by 0.005 gram of (aiihj'- 
drous) gluTOse, or fcy 0.0067 gram of lactose.* The solution 
must not STifier change by boiling. The addition of about 100 
c.c. of pure glycerin (in the litre) prevents decomposition. 

The solution of sugar is diluted to such a number of times its 
own volume that it shall not be far from 1 per cent, glucose. Then, 
10 c.c, of the blue solution are talten in an evaporating- dish, 40 
or 50 c.c. of water added, and, while boiling, the graded sugar 
solution is added, until no blue color remains (after the precipi- 
tate has subsided or been filtered out). The quantity of sugar 
solution used contains 0.05 grams glucose, or 0.067 grams 
lactose. 

m. Pure sugai' may be determined by fermentation, in a 
Will's Ftesenius' cai'bonic acid apparatus, as follows : In the first 
flask, of about CO c.c. capacity, place 33.3 grams of the solution 
to be determined, and which ia made of 5 to 10 per cent, strength 
of sugar. Add 0.3 gram tartaric acid and a small pinch of good 
pressed yeast, close the first fiask (so that gas must pass through 
sulphuric acid in the second flask), and weigh the appai'atus. Set 
aside at 30° to 35° C. (86° to 95° F.) for three days ; and weigh 
again. The weight of carbonic anhydride lost, multiplied with 
2.0454, gives the amount of anhydrous glucose, or of ciystallized 
lactose, and, if multiplied by 1.9433, the quantity of suci-ose. 
The results are not close, 

188, LACTOSE, C,Hj„0, (crystallized). Milk Sugar.— 
Oharaeterised by its physical properties (a) ; its reactions as a 
reducing agent (5), and with acids and alkalies (c) ; with am- 
moniaeal acetate of lead and with lime (c?) ; and by its fermenta- 



* That is, 180 parte of glacose (C* HisOs ), or 340 parts of lactose (i ot 
C[ HnOs ), suffice to coasuma 40 parts of oxygen (SyOj, reducing I34T parts 
(5 Cu BOi [Hi 0] ) of copper salt. And ISO ; 1347 : : 5 : S4.M. 
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tions. — It is distinguished from Glucose by a somewhat weaker 
reducing power (5), a more sparing solubility in. eold water or 
dilute alcohol {a), and by blackening with sulphuric aoid (c) ; 
from Sucrose by greater reducing power [b) and insolubility in 
strong alcohol. It is detcTmined volumetrically by the potassio- 
cupric solution (see Glucose, I). 

a. Lactose crystallizes in hemihedral trimeti-ic crystals, hard 
and colorless, becomitig anhydrous (Oj,H!jjOjJ at 160° C, and 
turning brown without melting at 160° C. — It is soluble in 6 
parts of water at ordinary temperature or 2^ parts hot w'ater, the 
cold saturated solution having a maximum spec. grav. 1.060, and 
is insoluble in cold absolute alcohol and in ether, 

b. The potassio/Ciipric solution is reduced by lactose very 
nearly as readily as by Glucose (187, d and I) (distinction from 
Sucrose) ; one-third greater quantity being required, however, to 
produce the ' same effect, — Solution of cupric acetate is only 
reduced very slightly and slowly by boiling with lactose (dis- 
tinction from Glucose). — Molybdate of ammoniiiiQ solution is 
scarcely cjiaaged in a perceptible degree by boiling with lactose 
(distinction from Glucose). — Ammoniaoal nitiate of silver solu- 
tion is reduced by boiling with lactose (distinction from Sucrose). 

c. Concentrated anlpliario aoid blackens lactose, rapidly 
when warmed (distinction fi-om Glucose). — Potassa slowly turns 
lactose solution brown after heating to boiling point (distinction 
from Glucose). 

d. Anuuonia^al acetate of lead solution gives but a slight 
precipitate, soluble in water and not repreoipitated on boiling. 
With milk of lime, not in excess, lactose forms a compound 
soluble in water, insoluble in alcohol. 

180. STJCBOSE. CjjHjjOii- Caae Sugar, Saocharose. — 
Characterized by its physical properties (a) ; its reactions as a 
reducing agent (J) ; its reactions with alkalies and acids (c), and 
with ammoniacai acetate of lead (<?). From Glucose it is dis- 
tinguished as a less powerful reducing agent (6), by blackening 
with sulphuric acid or turning brown with potassa solution (c), 
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and liy its reaction "witli cobiilt (e)t It is disfcinguislied Irom 
Lactose by weaker reducing power: (JJ, It ig approximately 
separated from Lactose by solution in cold water, and fully 
separated from Dextrin, Gums, Gelatin, aad Albumenoids by 
solution in 90 per cent, alcohol. It is separated from Tats, 
Resins, etc., by not dissolving in (nearly absolute) ether. It is 
determined by volumetric solution of potassio copper salt, after 
being changed to glucose (c, andiST, I), by the specific gravity 
of ita pure water solutions, by its specific rotatory power as 
measured in the polariscope, and "iiy fermentation as directed for 
Glucose, 187, m. 

a. Sucrose mystaUizes readily ia moaoclinic (rhomboidal) 
prisms, generally with hemihedral faces, and' anhydrous. At 
160° C. (320° F ) it nielts to a clear liquid which solidifies to 
"barleys at ab t 10 C (410 F)C a i«^ and other 
products a f rm d — Su ol die n al t -^ j rt of 
water; sea Ij lubl coll absolute aloh 1 luble in 
ether, chl f m 1 n 1 t — S« has a p fi tat9ry 
power of 3 8 t tl |,1 1 

b. Potass cupr e 1 t at f rst ot t all du ed by 
sucrose o e d ^est e t] t -bath, 
but after 1 In 5 10 m ut a 1 j,ht p p tat i prous 
hydrate appears, (diatnictma from Glucose, Lactose, and Dextrin), 
— Solution of aoetnce of coppei is not reduced by long boiling 
(distinction from Glucose), — rerricyanide of potassium is cot 
reduced to ferrocyanide by hot solution of sucrose (distinction 
from Glucose). — Stannic chloride is reduced on wanning, and 
chromate with excess of potassa on boUing, with sucrose, (reac- 
tions coinciding with those of Glucose and Lactose). — Ammonia- 
cal nitrate of silver solution is not reduced, though turned yel- 
lowish, on warming with sucrose (a distinction from Glucose). 
Eecent oxide of silver with excess of potassa is blackened on 
boiling with sucrose, — ^Molybdate of ammonium (neutral solution) 
ia unchanged by sucrose (distinction from Glucose), 

c. Sucrose is not readily colored by warming with solution 
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of potassa (distinction from Glucose). Limo forms a soluble 
compound with sucrose. — Concentrated sulpliuric acid blackens 
sucrose on wanning, with separation of carbon and evolution of 
sulphurous and formic acids (distinction Irom Glucose). — ^Dilute 
mlnreal aoids (2 to 3 per cent.), boiled 10 to 15 minutes with 
sucrose, tranafoi'm it into glucose. The same change is very 
slowly effected by long boiling in water, and with moderate 
rapidity by boiling with dilute vegetable acids. Also by the 
conditions of alcoholic fermentation. 

cl. Ammoniacal solution of acetate of lead gives a white pre- 
cipitate {Pbj,C,jHj,0,|), scarcely soluble in cold but readily 
soluble ill hot water, 

e. The blue to violet and rose-red precipitate made by add- 
ing potassa to nitrate of cobalt solution and boiling is scarcely 
altered by presence of sucrose, or held a little more in the 
violet. (In presence of Glucose, the mixture after boiling is 
colorless or brownish, but not violet or blue,) 

CARA.MEL. A mixture of three compounds : 
Garatnelane — brittle at ordinary temperatures, soft at 100° C, 
odorless and bitter ; deliquescent and very soluble, in 
water, sparingly soluble in alcohol, insoluble in ether, 
Cardmelene — brittle, freely soluble in water, not deliquescent, 

sparingly soluble in alcohol, insolubl^n ether. 
Caramelin — black, shining, and infusible ; having three modifi- 
cations with different and varying solubilities. 

Caramel ia precipitated by subacetate of lead solution ; and 
reduces potasaio cupric solution. As generally prepared, cara- 
mel has a characteristic, " burned-sugar " odor. 

180. MAWBflTE. CjH„0,. Crystallizes readily from solu- 
tion in tliin, four-sided prisms ; melts at 160° C, and at 200° C, 
(392° F.) distils with little decomposition. It dissolves in 6 or 
8 parts of water of oi-dinary temperature, in 80 parts of 60 per 
cent, alcohol or 1400 parts of absoltit* alcohol or smaller quanti- 
ties of boiling alcohol, but is insoluble in ether. — It is not black- 



eiied by ooiieentrated sulphuric acid, or turned brown by boiling 
with potassa, and it does not reduce the potossio cupric^ sulphate 
solution. It ia not subject to the alcoholic fermentation. 
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191. METHTLIC ALCOHOL. CH,0. Iteeogru-^d by 
its sensible and physical properties (o) ; its reaction with potassa 
and, as a commercial article, with sulphuric a«id (5) ; by solution 
of recent mercuric oxide (c) ; by its reducing power (<?), and its 
formation of formic acid (e). It is separated by fractional dis- 
tillation (/). It is approximately determined as methyl oxalate 
(j/) or as formic acid (e, and Formic acid_? or k). 

a. Pure methylic alcohol is a colorless liquid, of spec. grav. 
0.800, boiling at 66° C. (151° F.), and of characteristic taste and 
odor. The commercial article is seldom free from empyreuma. 
It is miscible in all proportions of water, alcohol, and ether, and 
dissolves resins and neai'ly all substances soluble in ethylic 
alcohol. 

b. The addition of potassa, with boiling by the heat of the 
water-bath, causes a brown color in a short time {Ethylic alcohol 
only after a long time). — Ordinary methylic alcohol gives a red 
to red-brown color with concentrated STdplmric acid. 

c. Add (to the distillate f) 2 or 3 drops of very dilute solu- 
tion of mercuric chloride, then solution of potassa in excess, 
agitate and warm. If methylic alcohol is present, the meroui'io 
oxide will be dissolved. 

d. Methylic alcohol readily decolorizes permangajiate of 
potassium solution ; but does not reduce silver nitrate, or potas- 
teio cupric solution. 

e. Oxidation to formic- acid is eftected by distillation of 3 

Coo;;lc 



I' nt tl Ir[ulc\am ipJ m a retort of 60 o,0. capacity, with 
i giams ot powdered bichromate, 15 c.o. of water, and 25 drops 
of &ulphunc acid — digesting fifteen minutes and then distilling 
15 cc 

/ Ii the distillation of methylio alcohol, add a little animal 
cb'itooal and a little solution of d b te 1 tl 

listillate at 60° to 76° C (151 t ICO T) 

Quantitative — g Place n t t 55 gram y tall zed 

->\ilic aul ml the mixture fSSgan t ttd 1 

jhuiK icid and 25 giamsot d t Hat f d. tf t 1 d 

distil from an oil bath at 160 t 180 C 1 g jth g 

pi'ises o^ei The distillate consists of otaho ctheis; methyl 
oxalate being treely soluble m water, while ethjl oxalate is 
iieailv insoIuLle The distillate is now waihed with 25 times 
its volume of watei the dear solution decanted, digested, in a 
close bottle, with excess of potisst, the mixture afidulated with 
acetic a«id and piecipitated with calcium chloride (adding potassic 
acetate). Gather the oxalate of cilcium, wa^h, di> and ignite 
to carbonate (adding ammonium carbnnte and igniting slightly 
again, if necessary), CaCO, . 2CH,0 , . 1 , 0.04. 

192. ETHYLIC ALCOHOL. C^Hp. Charaeiei-ieed h^ 
its physical and sensible properties {a) ; by the extent of its 
leduemg po^^er (5) , by its toimation of iodoform (c) ; of various 
compound ethers {ct), and of acetic acid (e). — Separated by 
fi actional distillation, soluhiht} m water, and insohihility in 
ii\ed oils Sepaiated from meth^lic alcohol as an oxalic ether 
(l&I, g), fiom amylic alcohol by solution in water or by frac- 
tional distillation. — Determined by the specific gravity or by the 
boiling point of its mixtures witli water. 

a. A transparent, limpid liquid, of spec. grav. 0.794, freezing 
at -95° C. and boiling at 78° C. (173= Y.), of an agreeable and 
pungent odor and asliarp and burning t^tc. It is misoible with 
\vater, ether, chloroform, benzole, petroleum naphtha, volatile 
oils and castor oil, and dissolves resins and camphors. 
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5. Alcohol — ns ei hot liquid- or as vapor — slowly redueea 
cliromie a«id, or a mixture of potassLc bichromate aud sulphuric 
acid — the alcohol heiiig first oxidized to acetic acid. (This is io 
common with aldehyde, acetic acid, formic acid, and many 
volatile orgajiio bodies.) Permanganate of potassium is but 
slowly reduced by ethylic alcohol — so that the red tinge of a 
slight addition of a -nrW solution is scarcely at all affected for 
several minutes. (Methylio alcohol, Formic acid. Aldehyde^ 
and many other volatile, orgaaic bodies, more readily reduce the 
permanganate. ) 

c. The productioH of iodoform from alcohol is a result (in 
part) of the reducing power of the latter upon alkaline iodatc : 

OKHO+CI=5KI+E:IO,+3H„0 
iaO+CH„0+ IzzzCHI +KCH0,+2H,0 

Txl t, o tt o >, (. f the diht 11 tc to ! te'.te 1 5 to 6 drops of a 
10 I ei cent potassa solution n aim to 100° or ISO" C. (312° to 
24'^° r ) ai d add — of a solution of potassic iodide in five parts 
t watei saturated with lodme — until the liquid is brownish- 
>'.ll3M If on ae;itation the color does not disappear, add one 

t o Irops of the potissa '.olution If alcohol is present, the 
1 lofjm appeals sooner or litei m icUnw scaly particles. 
With a power of 200 to 400 diameters, these are seen as hexa- 
gonal stars and rosettes,' Iodoform: ia formed also by Acetoir, 
Aldehyde, Acetic ether. Butyric alcohol, Amylene. Not formed 
by Ether, Amylic Alcohol,- Chloroform, Cliloral, Chloral Hydrate, 
and, according to Libben, not formed by Methylic alcohol. 

(?. See under Acetio acid, 40, 5, and Butyric a«id, 41, •S. 
(One o.c. of the distillate to be tested is treated with 0.3 to 0.5 
gram of dry potassie acetate and 3 or 3 o.c, of sulphnrio acid.) 

e. Acetic acid is formed from alcohol by digestion with a 
mixtui'e of bichromate of potassium and dilute sulphurie acid, or 
of permanganate of potassium and dilute sulphuric acid. Sec 40, 

193. ALDEHYDE. C„Hp. Acetic Aldehyde.— A trans- 
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parent and colorless liquid, of spec. grav. 0.800 at 0° C, tjistill- 
ing at about 21° C. (70° E.), neutral in reaction, of a pungent 
and suffocating odor, slightly resembling that of apples. The 
vapor irritates the eyes. — It is niisoible in all proportions with 
water, alcohol, and ether, but not with aqueous chloride of cal- 
cium (sepai-ation from Alcohol), It dissolves sulphur, phos- 
phorus, and iodine. — It promptly reduces ammonio nitrate of 
silver, forniing a specular coating on the glass (distinction from 
Acetic acid, Alcohol, Ether). It bums readily, with a blue 
flame. It is blackened by golpharic acid.- — Fotassa solution, 
warmed with aldehyde, colors it brown, with deposition of " alde- 
hyde resin " and formation of acetate and formate (a character- 
istic test). Ammonia (gas) with aldehyde forms aldehyldate of 
ammonium, a compound of an ammoniacal, terebinthinate odoj-, 
crystallizing (from ether or alcoholic ether) in transparent acute 
rhombohedrons, melting between 70° and 80° C, and distilling 
at 100° C. It dissolves in water, sparingly in alcohol and ether. 
With other bases aldehyde acts as a monobasic acid, eschanging 
one atom of its hydrogen. 

194. SULPHBTHYLATES. HO,H,SO,. Ethyl-svilphates. 
— Sulphethyllc acid is a limpid, oily, acid liquid, of spec. grav. 
1.315, decomposed by heat, evolving ether at 130° to 140° C. 
(306° to 284° F.) — It is iolnUe in water and alcohol, not in 
ether. — Its metallic salts are all soluble in water, and are mostly 
soluble in aqueous but not in absolute alcohol, the ammonium 
salt only is soluble in ether. The suiphethylates are gradually 
decomposed in boiling water. Jiarium sulpbethylate crystal- 
lizes in permanent monoclinic prisms, with SH^O which is ex- 
pelled in a vacuum, the anhydrous salt bearing 100° C. without 
change. It dissolves in about one part of water, and in a larger 
quantity of aqueous alcohol. The sodivm, salt crystallizes in 
slightly efflorescent hexagonal plates, with H,0, soluble in less 
than one part of water, melting at 86° C. When anhydrous, it 
boars 100' C. without change. 
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185, ETHEIt. (C,HJ„0. Heco^nised by its sensible and 
physical properties («). iSeparated by distillation, or by solu- 
tion (5). 

a. Spec, ffrav., at IS" C, 0.713; at 17.5= C, 0.7185. Boil- 
ing point, 35° C. (95° 1'.) Ether of spec. grav. 0.728, and 
boiling at blood heat, has from 5 to 6 per cent, of about 90 per 
cent, alcohol ; that of spec. grav. 0.750 has about 25 per cent, 
of 88 per cent, alcohol.— At 17.5= C. {63.5° F.), one part of 
ether dissolves in 12 parts of water, and 35 parts of ether dis- 
solve one part of water. Alcoholic ether is more soluble in 



-I 13.0 parts water. 
■ 10.0 " " 



" Ether " of sp. gr. 0.719 to 0.721 dissolve 

0,724 " 0.726 

0.729 « 0.731 

0.733 " 0.735 

0.738 " 0.741 

0.743 " 0.746 

0.748 " 0.750 

Salts not soluble in ether (as dry potassic carbonate) si 
it from water almost wholly. Ether is miseible in all propor- 
tions with alcohol, chloroform, benzole, petroleunt naphtha, fixed 
and volatile oils, and dissolves resins, sulphur, phosphorus, 
iodine, and ferric, merciino, and auric chlorides, Tannio acid 
does not dissolve or deliquesce in absolute ether, but deliquesces 
in the "stronger ether" of spec. grav. 0.728. Ether is less 
soluble in glycerin than in water. It mixes with concentrated 
sulphuric acidy the liquid turning brown when warmed. — In the 
air, ether very slowly oxidizes to acetic a«id. Its combustibility 
renders it necessary to use strict precautions in the manipulation 
of its vapor. 

b. Ether is approximately separated from alcohol by means 
of glycerin (or water). A test-tube of over 20 c.c. capacity is 
graduated from the point of 10 c.c. contents (marked 0) to the 
point of 20 c.c. contents (marked 10). Ten c.c. of glycerin or 
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water is taken in the tube, tken 10 c.c, of the ether is added, the 
contents shajjen together, the ether allowed to separate, and tlie 
increase in the lower layer is read off. 

198. HTTEOUS ETHER. C^H^lfO,. Nitrite of ethji.— 
Characterized by its sensible and physical properties («) and by 
reactions of nitrites. — Estimated, in its alcoholic mi.xtures, by 
their boiling point (b), and by volumetric trial with permangan- 
ate (c). 

a. Nitrite of ethyl is a yellowish liquid, of spec. grav. 0.947, 
boiling at 16.6° (62° F.), and of an agreeable odor of apples. It 
is soluble in 48 parts of water, in all proportions of alcohol, and 
freely soluble in dilute alcohol. It gradually decomposes ; more 
quieitly in contact with water. 

b. " Spirit of nitrous ether," of 5 per cent, nitrite of ethyl, 
boils at 63° C. (145° F.) : the test-tube containing it being im- 
mersed in water of that temperature, and a few fragments of 
broltcn glass added. 

Quantitative. — c. 10 grams of the spirit of nitrous ether are 
macerated, with 1.2 to 1.5 grams of fased potassa, in a stoppered 
fl;isk, for 13 hours, occasionally agitating. Then pour the mixture 
into a beaker, dilute with an equal bulk of water, and leave at a 
warm temperature till the odor of alcohol disappears. Acidulate 
slightly with sulphuric acid, and add, from a burette, a solution 
of potassium permanganate of known strength, until the color 
ceases to be discharged. The number of grams of permanganate 
expended, multiplied by 1.18, equals the number of grams of 
ethyl nitrite in the 10 grams of material takeif. 

197. CHLOHOT'OHM. CHOlj. Ideiiiijied by its sensible 
and physical properties ((^) ; its liberation of chlorine when de- 
composed (J), and its production of isonitril (c). It acts as a 
reducing agent ((?). It is separaiedhy washing with concentrated 
sulphuric acid and with water, and rectification from alkaline 
carbonate, lime, calcium chloride, pjiimal charcoal (e). It may 
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be esUmaied from the chloride it gives after liigestion wiLli 
akoholie fixed alkalies: 

a. Chloroform is a colorless Iiquid;-.of-i^e. grav. 1.497 (at 
15° C), boiling at 01° C. (142° F.). It is't^eutral in reaction, 
and has aii agreeable sweet ethereal odor and burning sweet 
taste. It is not readily combustible, but burns with paper, with 
a green-bordered flame. By standing, especially in the light and 
if free from alcohol, it becomes acid and gives reactions for 
I liluime and h'^drochloiii, aad — rhioiofoim. is not miscible 
in -witer etcept in tiices, ^fit is soluble m ill proportions of 
akohol ethei benzole petjrcjfeuni. n-kphtha, bisulphide of carbon, 
incd ami olat le o Is — ^not %j concentrated sulphuric acid. It 
diBsohes s Ijhu ^hosghorOs lodme, jodofotm, resins, caout- 
chouc, and gutta peretft' 

i. Chlo oform s a^dbmposed, with production of chlorine 
and hjdro hlor o ao d vhen t is passed in yapor tlirough a red- 
hot tube; or, with production of chloride and formate, when 
digested with alcoholic solution of potassa (slowly by aqueous 
potassa). (Alcoholic ammonia produces ammonium cyanide and 
chloride — the better with help of potassa.) 

CH C1,+4K H 0=:3K Cl-fK CH 0.+3H,0 
CHCl,+5irH, =3lIH,Ci+M-H/cif 

Also, with production of hydrochloric acid, by nascent hydrogen, 
as evolved by zinc with, sulphuric acid diluted with alcohol. — 
The free chlorine is made evident by potaasic iodide (and starch), 
and the hydrochloric acid by silver salt. (Neither pure nor alco- 
holic chloroform afieots silver nitrate.) 

c. Chloroform, even in solution with 5,000 parts of alcohol, 
when treated with anilin (or other mouamine) and tlien with 
alcoholic BOda, foi-ms an isonitril, recognized by its characteris- 
tic odor (Hoffmann). This test distinguishes chloroform from 
ChlorcetKylidene (C^H^Cl,). Iodoform, Bromofnrm, Chloral, etc., 
react in the test, the same as chloroform. 



182 AiiqonOLTC PSODUCTS- 

d Chloiotorm i(Jadilj reduces the hot potassio cuprie ^')lii 
tion (distinction ftogi chloicethyhdene and (rom <tkohoi) 

e. Chloroform\'ta#y be separated tiotn slight mixtures of 
Ethei, ilcohol, Ma^^|^tC,as follows To lOpaitsof the impure 
chloroform, ndd 2 paria of concentiatfed salphuiio acid, and shake 
together occasioiiidly for 24 hours Remove the upper hjei, 
add to it ^ pait of (crystallized) carbonate of sodium pre^ louslj 
dissohed lu 1 part df witer, agitate and digest (cold) for halt -m 
hour, then remove the lower lajei jiid distil it from jtj- part ot 
freshly bullied lime — Distillatio^f trom dry calcium chloride 
separates chlorofoim tiom alcohol — To separate ftom Ethe 
real Oil (ethyl and ttlnlcne sulphates), distil lioni aiiinul 
charcoal 

198. CHLOEAL HYDRATE! C,sei,O.H,0. Charao- 
terised by its sensible and physical prdpePties (a), and its forma- 
tion of chloroform (5), and of chloralide(c). It has, with alkalies, 
fonsideiable reducing power (t?). Separated from chloral alco- 
holate bj its slight solubility in cold chlorofoi'm and its greater 
solubility in cold water. — Estimated iroxa the amount of chloro- 
t^rm it pioduces (e). 

a A friable solid, crystallizing from solvents in transparent 
ihomboidal oi-ystals, or congealing in a white crystalline mass, 
melting at about 00° C. (140° F.) and boiling at 95° C. (203° F.) 
—(the Alcoholate boils at 116° C). It slowly sublimes, in the 
bottle, at ordinary temperatures. It is neutral in reaction, and 
of an aromatic, penetrating, and slightly acrid odor, and bitter, 
caustic taste. Melted in a spoon, over the flame, it does not take 
liro (distinction from the alcoholate), — It is slightly deliquescent, 
readily soluble in 1^ parts of water (the alcoholate dissolves 
sparingly in cold water) ; soluble in alcohol, ether, benzolej 
pctroleutn naphtha, bisulphide of caVbon ; slightly soluble in cold 
chloroform (the alcoholate freely soldble). It forms liquid mix- 
tures with camphor, and with phenicsftcid. and a crystalline 
mixture with glycerin. 
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b. Fixed anij volatile alkalies, aiid their carbonates, in solu- 
tion, decompose chloral hydrate — the chloroform subsiding from 
the milky mixture. 

C,HC1,0.H,0+KH0 = CHCl,+K:CHO,-f Hp 

(100 parts chloral hydrate producing 72.2 parts of chloroform.) 
(Trichloracetic acid, also decomposed by alkalies into chloroform 
and formate, has an acid reaction, and boila at 195° C.) 

c- Concentrated sulpliurio aold separates, from about an 
equal weight of chloral hydrate, anhydrous chloral — the latter 
rising to the surface, as a pungent and irritating oily liquid, of 
spec. grav. 1.5, — Chloraiide is foi'medwhen chloral hydrate (con- 
centrated, if necessary, by distillation from chloride of calcium) 
is heated with about six times its volume of concentrated sulphuric 
acid, at 135° C, for some time. When cool, the mixture is 
diluted with six measures of water, and, if carbonized at all, 
extracted with ether. On evaporating the ether the chloraiide 
(CjHjCljO,) crystallizes in stellate groups of prisms (or in 
needles) which melt at 116° C. and bum at 200° C. with 
a green-edged flame. — In certain conditions, sulphuric acid 
changes chloral into metaehloral (insoluble in water, alcohol, 
or ether). 

d. Chloral hydrate, in the act of decomposition by ammonia, 
promptly reduces nitrate of silver as a specular coating. — 
Aqueous solution of pure chloral hydrate does not within a few 
minutes perceptibly decolorize the permai^anate of potassium 
solution, and does not at all affect argentic nitrate. — The potassio 
cupric solution is reduced by chloral according to 197,. (?. 

Quantitative. — e- Take 10 grams of the chloral hydrate, 
dissolve in the least quantity .of water, and add, in a gi-aduated 
tube holding 20 cc, ammonia enough to be a slight excess for 
the absolute chloral hydrate taken, according to the equation in b 
(5 cc. of water of ammonia of spec. grav. 0.90). Stopper tightly 
in the tube, which should be nearly fdlcd by the liquid, and leave 
until the subsident layer no longer increases — four to twelve 
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houi's. Tlie c.c. of chloroform are multiplied by 1.5 for grams. 
Closer results are obtained by taking 50 grama chloral hydrate. 

199. lODOrOEM. CHI,. A sulphur-yellow solid, crys- 
tallizing ill hexagonal plates, stai-s, and rosettes; melting, at 115° 
to 130° C, with partial vaporization and partial decomposition 
into cai'bon, hydriodic acid, and iodine. It has a saffron-like 
odor, reminding of chloroform and of iodine, and a taste like the 
same substances, becoming unpleasantly strong of iodine. — It is 
soluble in 13,000 pairts of water (to which it imparts a slight 
odor and taste), in 80 parts of cold or 12 parts of boiling alcohol 
of 80 per cent,, in 20 parts of ether, and soluble in chloroform, 
bisulphide of carbon, fixed and volatile oils. The alcoholic 
solution is straw-yellow ; the ether solution, gold-yellow ; botli 
solutions are neutral, and have a sweet-ethereal, buraing taste and 
iodine-like after-taste. — It is difficultly and imperfectly decom- 
posed by boiling aq.ueou8 potassa, but (Wittstein) alcoholic 
potassa decomposes it, fonning iodide and formate {see chloro- 
form, b). 

200. CBOTOH-CHLOBAL KTDEATE. C,H;ca,0. The 

tri chlorinated aldehyde of crotonio acid. — ^Thin, dazzling-white 
plates, melting at 78° C, volatile in steam at 100° C, boiling at 
]63°, It has a sweetish, melon-like taste, and ita vapor irritates 
the eyes. It is sparingly soluble in cold, freely in hot water, and 
soluble in alcohol and in glycerin. Potassa decomposes it with 
fonnation of potassio chloride and formate and dichlornllylene 
(C^H^ClJ. 

201. AMYLIC ALCOHOL. C,H„0. Characterized by 
its sensible and physical properties {a) ; by its production of red 
sulphamylic acid (5) ; by its formation of odorous ethers (c). — It 
is separated from alcohol by fractional evaporation or distilla- 
tion, or by adding water and extracting with ether (d) ; from 
water, in the slight proportions miscible, by adding petroleum 
naphtha or benzoic, or by adding common salt (c). 
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a. A colorless and transparent liquid, of spec. grav. 0.81G, 
boiling at 132-3° C. (270° F.), and having a sliarp taste and a 
cliaracteristio, pungent odor. Its yapor excites coughing, a few 
moments after it is inhaled, — It is soluble in ahout 40 parts of 
water, less soluble in solution of common salt, soluble in all pro- 
portions of alcohol, ether, chloroform, benzole, petroleum naph- 
tha, fixed and volatile oils. It makes a slowly evanescent oil-spot 
upon paper. — It burns with a smoky flame. 

h. When two paits of amylic alcohol are digested warm witli 
three parts of concentrated aulphurio acid, sulpliamy lie acid, or 
amyl sulphuric acid is formed — having a red color and dissolving 
freely in water. 

c. Distilled or digested hot with concentrated sulphuiio 
acid and potassic acetate, the odor of " pear-oil " is developed 
— from formation of amyl acetate. — Distilled or digested with 
sulphuric acid and a little water and bichromate of potassium, 
tlie apple-odor of valeric aldehyde is first generated, and then the 
peculiar odor of valeric acid (42). 

d. It is separated from, (^aqueous) ethylio alcohol, by adding an 
equal volume of pure ether,, and then to the whole an equal 
volume (or enough) water to cause the ether to separate. The 
latter will contain most of the amylic alcohol. Benzole or petro- 
leum naphtha may be used instead^ of ether. 

e. If from 100 c.c. of commercial " fusel-oil " are slowly 
distilled 5 c.c, and this be agitated with a saturated solution of 
common salt, the separation of an oil-layer of 3.5 c.c. or over 
indicates that there is less tlian 15 per cent, of" proof spirit" in 
the fusel-oil taken. 

202. " FUSEL-OHi " contains, besides amylic alcohol, small 
proportions of Butyric, Valerie, and volatile F.^tty Acids, and of 
propylie and butyric alcohols. — In examination of spirits fur 
Aisel-oilj add 2 or 3 c.c, of potassa solution, to about 30 c.c. 
of tlic material, and evaporate by a genth' heat to diyness. 
Add 5 or c.c. of sulphuric acid and nearly as much w.iter ; 
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when, if the acids in question are present, their odor will be 
apparent.* 

203. WITEITE OP AMYL. C,H„M'0,. A liglit-yellow- 
ish liquid, darkening when heated, of spec. grav. 0.877, boilhig at 
about 96° C. Its vapor has a redi3ish-yel!ow color. Its odor 
resembles that of ethyl nitrite. — Sulphuric acid (concentrated) 
decomposes it witli explosive violence, sometimes with combus- 
tion. Alcoholic potassa decomposes it quickly, forming potassic 
nitrite : aqueous potassa decomposes it slowly. 
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(, 151, 150. 
Acacia, 163. 
Acetic Acid, 13, 58. 
Acetic Btlier, formation of, 60. 
Acids, 13. 

Separated as lead salts, 59. 
Aconitia, 13B, 138, 185, 181 to 140, 1*3 

to 144, 148. 150. 
Aconltie Acid, 15, 31. 
Acrolein, formation of, 8B, 
Acrylic Acid, formation of, 86. 
Ag^do Resin, separated from Gam- 
boge, S8. 

Separated by Chloroform, 101. 
Albumen, 158. 
AlbumenoidB, 13, 137. 
AlcohoL 13, 176. 
Alcohols, 173. 
Aldehyd. IS, 1T7, 
Aldehydfi, es Volatile Oils, 104. 
Alkaloids, Fixed, 13. 

Volatile, 13, 120. 
AUspioe Oil— See Pimento Oil. 
Almond Oil, 73, 70, 78, 81. 
Almonds, Oil of Bitter— See Bitter 

Almond Oil. 
jUobs Resinfi, 03, 103. 

Separation of Gamboge from, 98. 
Aioin, 151, 156. 
Amber, 93, 103. 

Amber Oil, 107, 108, 109, 11], 114. 
Ammooia, 134, 
Ammoniac, 63, 103. 
Amygdalin, 144, 1B3. 
Amyfic Aloohol, 13, 184. 
AmyL Nitrite of, 186. 
Amyloid, 168. 
Auiliu, 130, 140, 14^ 140, 148. 

Compoimdg, 13, 14. 
Anise OiMWto 111, 114. 
Anthracene, 13, lit. 
Arabic Add, 163. 
Arabin, 16a 
Asparagin, 159, 1.56. 
Assafetida,94, 103. 
Atropia, 135, 138, 135, 187 to 140, 143 

to 1*4, 147, 148. 150. 
Auric Chloride, aa Eeagent for Al- 
kaloids, ISO. 



Balsam of Copaiba, B6. 

Peru, 103, lOS. 

Tolu, lOS. 
Baranilin 120. 
Bases, Volatile, 130. 
Beech-nut Oil, 73, 76, 81. 
Benzene, 119. 
Benaoin, 94, lOS. 
Benzole, 18 118. 

Benzoyl Hydride — see Bitter Al- 
mond Oil. 
Berbei-ina, 1^, 138, 135 to ISS, 140, 

143, 143, 145, 147, 149, 151. 
BergamotOJi, lOT to 110, 113, 114. 
Bitter Almond Oil 107 to 111. 

Artiflcial— see Witrobenzole. 

Formation of, 63, 
Boheic Add, 13, 36. 
Bone Oil, 76, 81. 
British Gtura^see Dextrin, 
Bromated Camphor, 116. 
Brucia, 135, 1^ ISS, 187 to 140, 143, 

14a 145 to 160. 
Butter, 74, 81. 
Butyric Acid, 13, 60, 01. 

Ether, Formation of, 63. 
Butyrin in Butter, SI. 

Caoao Butter, 74. 
Oacodyl, Formation of, 89. 
CaEEeina, 133, 137, 128, 135 to 140, 143 

to 145, 148 to 150. 
Caffetannic Acid, 13, 38, 33. 
Cajepnt Oil, 107 to 110, 113, 114. 
Calamus Oil, 107 to 110. 
Calvort's Testa for Fixed Oils, 7a 
Camphor Oil, 107. 
Camphors. IS, 116. 
Canaliba Wax, 95 103. 
Caue Sugar— see Sucroa?. 
Caunabin, 98. 
Caoutchouc, 95^ 103. 
Capric Add, 67, 68. 
Caproic Acid 67, 68, 
Caprylio Acid, 67. 
Caramel, 173, 174. 
Caramelane, 174. 
Caramelene, 174^ 
Carameliu, 174. 

Caraway, Oil of, 107 to 110, 113. 
Carbazotjc Acid^^ee Nltmphenic 



Carboliydpatea, 13, ICI. 
Carbolic Acid — see Phenic Acid. 
Carbon, imoombiiietl, 11. 

Compounds of, ill. 
Cardamon Oil, 107, 108. 
Carminic Aeid, 13, 40. 
Carmine— see Carminio Add. 
Cascarilla (M, 107, 109, 113. 
Casein, 159. 

Castor Oil, 73, 76, 78, 80, 81. 
Catechu, 34. 

Catechuic Add, 13, S8, 34. 
Catechutaunic Acid, 13, SB, 33. 
Cathartic Add, I^ 156. 
Catbartin — see Catoartio Acid. 
Cellulose, 13, 167. 
Cephselio Acid, 28. 
Cei"OBO-oerie oxide, as Reagent, 146. 
Cerotic Acid, 13, 70. 
Chamomile Oil, Ifyr, 103, 109. 
Chloral Hydrate, 13, 182. 

with Oil of Peppennint, IIB. 
OMoi-alide, 183. 
Chlorine, 08lteaeeTi.t for Alkaloids, 

1^ 
Chloroform, 13, 180. 
Chryaammic Acid, 153. 
Chrysopbonic Acid, 1\41. 
Chrysophmia — see Chrysophanlc 

Cincboua iJark, separation of Acids 

Cinclionio,'l36', 1S8, 136 to 140, 143, 

143, 145, 149, 150. 
Clnchonidla, 135, 138, 149, 150. 
Ciachotannic Acid — see Quiootaluiic 

Acid. 
Cinnamate of CinnyL lOS. 
Cinnamon Oil, 107 lo 110, 113, 114. 
Citrio Acid, is, 18. 
Citric Acid, diatinoTiBbed from. Tar- 

--■'a, 15, 



Acid from, 36. 
Cocoa-nut (Coco-nntl Oil 80. 
Codeina, 125, 127, 138, ISfl to 138, 140 

-O 143, 145, 147 to 150. 
,=^ (^1 TO :^^ -IS, 80, 81. 
, _„_„ 1 of CSiffetaimic 

Acid from, 85. 
CoheBioa-flgurea of Oils, 74, 105. 
Cotcbioia (Coicblcinl, 135, 137, 138, 

135 lio 140, 143 to 150. 
Colocyath, separation from Gam- 



Cod-liver OU, 71 



boge, S8. 
ColocyntUu^lSa, 137, 145. 
Colombic Acid — see Columbic Acid. 
Colombin, 145, 151,159. 



Colopbony, 98, io3. 

Separation from lioc, 101. 
Color Besins, 98. 
Columbic Acid, 13, 39. 
Colombo Root, separation of Acid 

Colza Oil773. ' 

Cooia, 133,138, ISStolSS, 140, 143to 
>, 149. 



CoilvolTuUnol, lOO. 

Couvolvullnohc Acid, 100. 

Copaiba Gill 107, 108 110, US, 114. 

Copaiba Resms and Balsam, 96. 

Copaivic Aeid, 96. 

Copal, 96, 103. 

Coriander OiL 107, 118. 

Cotton-seed Oil, 73, 76, 81. 

Ci-eosol, 68. 

Creosote, 13, IIC. 

Creaylic Acid, separation of Pheuic 

from, 48, 50, 
Croton Chloral Hydrate, 184, 

Oil, 73, 77. 
Cubebin, 135 to 138, 145, 154, 156. 
Cabeb Oil, 107 to 110. 
Cumidin, ISO. 
Cummin Oil, 107, 108. 
Curarln, 136, 137, 1^ 145, 116, 147, 
Cymidio, 130. 
Cytisin, 1^. 



X,), 96, 11 



Cytisin, t 

Dauuaba. (pi 

Daphnin, m, 188, 148. 
Daturia — see Atropia. 
Delphina, 1^ 138, 135 

145, 149, 150. 
Dextrin, 13, 16S. 
Dextrose — see Olncose. 
Dextrotm^wrio Acid, 13. 
Dialyaia of Alkaloidk 181, 184. 
Dlgnolela Aoid— see Digitalic Acid. 
DigitaUcAdd, 13,SC. 
Digitalin, lai, 137, 138, 185 to 139, 141, 

143 to 145, 149, 150. 
Digitoleio Add— see Digitalic Add. 
Din Oil, 107, 111. 
Distillation, Fi^actioual, 66. 
Dragendorffi 's Jletliod with Alka^ 

loids, 131, 184,136. 
Dragon's Blood, 97, 103. 

ELAlDllf, formation of, 75 
El^optenes, 104. 
Elaterin, 136, 145, 154, 156, 
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Emetia, 125, 138, IKitolSS, 141, U% 

145, 140, 160, 
BmulEioDB, formfttaon of, 74. 
Ergotina, 135, ISS, 141, 145. 
Erueic Aoid^ 13^ TO. 
"^ ■ " B Hitroben- 



Essence of iliS 



EUier, 13,'l?9. 
Ethers, Compomid, 13. 
Ethylic Alcoaol, 176. 
Ethyl Sulphates, 17T. 
Eucalyptus Oil, 107, 109, 



Mon-volatile, 68. 

Volatile, &!. 
Fats, 73. 

Founei Oil, lOT, 108, 109, 113. 
Ferric CMoride, as Reagent for Al- 
kaloids, 148. 
Fixed OUs, 73. 
Formic Acid, 13, 55, 60 75. 

Ether, formatiou of, 66. 
Fractional Crystallization, 68. 

Fusion, 71. 

Satoration and Distillation, 66, 
FiimkincenEB, 103. 
Frasin, 154, 156. 
Fr6hd6's Reagent, 144. 
FiichBin, 120. 
Fusel-Oil, 1R5. 

Fustic, separation of Moriutaunio 
Acid from, SS. 

Galangal Oil, 10?. 

Galbanum Oil, 107. 

GaUie Add, W, 30. 

GallotaonicAeid, 38. 

Gamboge, 97. 

Eefla of, OT, lOS. 

Sambogic Acid, 13, 41, 97. 

SflEolene, 119. 

Gelatdn, 13, 160. 

Gentianio Add, 13, 39. 

Genfciflnin — see Gentianic Acid. 

Gentian Root, separation of Geu- 
tfanlo Acid from, 40. 

Gentddo Acid— sea Gentianic Add. 

GeutJsin — see Gentianic Acid. 

Geranium Oil, 107, 113. 

Glucose, 168. 

Glucosides (wiHi Alkaloids), 135. 

Glue — see Gelatin. 

Glyceric Add, i-esemblaoce to Lac- 
tic, 53. 



Graham and Hof uiaiui's Mothod, ISl, 



Guaiacol, lib. 

Gualac Kesin, Separatloii from Gam- 
boge, m, m 
Guaiacum, 98. 103. 
Guaiaretin, __ 
Gum, m lai. 



Tragacanth, 163. 
Gum-resins, (13. 
Gun Cotton— see Hltrocellose. 

Haokb's Method with Volatile Oils, 

m. 

Hazel-nut Oil, 73. 

Hemp Resin, 08, 103. 

Hemp-seed Oil, 73, 77, 80, 81. 

Hesperidln, 146. 

Hippuric Acid, distinguished from 

Benzoic, 43. 
Hop OIL 107, 109. 

Hydj-astia, 135, 138, 138, 145, 1^, 148. 
Hyoseyamii^ 136, 3SS, 135 to 138, 143, 



144, 115, 1^ to 150, 



Indian Hemp — see Hemp Resin. 
India Rubber — see Caoutchouc. 
Indigo Blue, 99, 103. 
Iodine Solution, as Reagent, 139, 144. 
Iodoform, 13, 177, 184. 

jAtjp Resins, 89. 
JaJapio Acid, 100. 
Jalapin, 89,108. 

oejMratlon from Gamboge, 98, 
Jalapiaol, 100. 
Jolapinolic Acid, 100. 
Jasmin Oil, lOT. 
Juniper Oils, 107, 108, 109, 113, 114. 

Kiwio Acid— see Quiiiic Add. 
Kinotannio Acid, 83. 
Kinovic Acid^see Quinovic Acid. 
Kinovin- sea Quinovic Acid. 
Kaphaiiilln, ISO. 

Lao (resin), 100, 103. 
LacticAcfd, 13,53. 
Lactoscope, Vogel's, M. 
Lactose, 171. 
Lactucin, 164, 156. 

In Buttei', 83. 

00, 73, 76, 7S, 80, 81 
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Laurie Acid, 13, 70. 
Lavender Oil, Itft, 103, 110, 113, 114. 
Lead Salts of Acids separated, S9. 
Leather, 131, 

Ijemon Oil, 107 to 110, 113, 114. 
Liraonin, 145. 
Linoleic Acid, 13, 69. 
Liquid Non-volatile Acid, 53, 
Volatile Acids, 56. 
' , Preliminary Examination 



Liquid^ 



IB. 



Magenta, iai. 

Maisch's testa for Volatile Oils, 110, 
Marjoram Oil, 107, 109, lia 
Malic Aoid, 13, S3. 
Mannite, ITi 
MasbiC; 101, 103. 
Maatiein, 101. 

Mayer's tests -with Volatile Alka- 
loids, IM, 
Meconic Acid, 13, 34. 
Meconin, 145. 
MetacUoral, 183. 
Metapectio Acid, 167. 
Metapectln, im. 

MetatQogstic Acid, as Reagent, 141. 
Metliyllc AlcohoL 18, 1T4. 
Milk Albumen, IM. 

Commercial Examination of, ISO. 

Determination of Pats in, 34. 
Casein in, IW, 

Quantitative Analyds of, 160. 

Sugar — see Lactose. 
Mirbane, Essence of — see Nitrobeu- 

Moiybdate, tts Reagent, 141, 
Monophenylajnln — see Anilin. 
Morintaunic Acid, IS, 33, 35. 
Morphia, 136 to 138, 138 to 139, 141 to 

145, 147 to 150. 
Mustard Oils, 78. 
Myristic Acid, 13, 70. 

Alcohol, OS. 
Myrrh Oil, 107. 

Resin, 101, 103, 

Separation of, from Gamboge,93. 

Nahobina, lae to 138, 133 to 133, 141 
to 1.50. 

Narcotina, 136 to 1S8, 135 to 138, 140 
to 145, 147 to 149. 

Nicotia, 123, 134, 138, 133 to 138, 
141 to 145, 148, 149. 

Nitric Aoid, as Reagent for Alka- 
loids, 147. 

Nitrite of Amj-1, 180, 
Ethyl, 18il. 



Niirobenzole, 13, 113, 119. 

Nitrocellulose, 168. 

Nitrogenous Neutral Bodies, 157. 

Nitroplienic acid, 18, ^,51. 

Nitrous Ether, I"'^ 

Non-di 

Non-y. 

Fat Acids, 6B, 
Nutmeg Oil, 107, 111, 114. 

Oenakteto Acid, 07, &3, 
Oenanthylic Acid — sec Oonanthyo, 
Oils, Fixed, 13, T3. 

VolaUle, 13, 104. 
Oleic Acid, 13, 69. 
Oleo-resina, B3. 
Olibanum reein), 103. 
OUve Oil, 73, 76, TT, 80, 81. 
Ononin, 145. 

Opiania, 136, 127, 129, 143. 
Opianyl — see Meconiu. 
Opium, Separation of Meconic Acid 

from, 84, S5. 
Orange Flower Oil, 107, 100, 118. 

feel Oil, 107, 109, 110, 113, 114. 
Organic Compounds, determined as 

such, 11, 13, 
Origanum Oil, 107. 
Otto-Stas' Method with Alkaloids, 

130. 131. 
Ovalhumen, 158. 

Paluitio Acid, 13, 70, 
Papaverina, 136, 137, 189, 133 to 188, 

141 to 145, 149, 150. 
Paracumario Acid, formation of, 93. 
Parapectic Acid, 160. 
ParapeetJn,166. 
Parroelia Parietina, Chrysophanie 

Acid from, 41. 
Parsley Oil, 107, 109, 113. 
Patchouli Oil, 110. 
Faytina, 136, 139, 138. 
Pectic Acid, 166. 
Pectin, la 166. 



Peppermint Oil, l67, 109, 111, 113, 
Hi, 115. >'•'"■ 
Pepper Oil, 107,114. 
Peru Balsam, 103, 103. 
Petroleum Naphtiia, 13, Hi). 
Kienic Acid,48. 
Phenol— see Phenic Acid, 
Phenylamin— see Ajiilin. 
Phenylic Alcohol — see Plienic Acid. 
Phenyl Sulphuric Acid — see Sulpho- 
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PhysDstigmiiL 136, IS8, ISS, 130, 188, 

14L to 145, 148,1^. 
Pieraiuic Acid, 62. 
Picric Acid, ns Reagent, 139. 

See If iCxophemc Acid. 
Pierotoxin, m 137, 138, 136 to 138, 

lie. 

Pimarie Acid — see Cdophollc Acid. 

Pimento Oil, 107. 

Pinio Acid, in Colophony, 90. 

Piporidlt, 141. 

Piperin, 136, 139, 1S4, ISfl, 137, 138, 
lil tol45, l47. 

Flatinic Clilorlde, as Beageat for 
Alkatoi<S, 148. 

PodophyUmn Reain, 103, 103. 

Popoy-eeed OU, 72, 77, 78, 80. 

PopvUin, 137, 14S, 155, 156. 

Potaasio Mercuric Iodide, as Re- 
agent, 1S9. 
Cadinic Iodide, as Reagent, 141. 

Propyiamin-^ee TrinietliySimia. 

Pseudomorphia, 136, 137, 139, 188, 
143, 145, 148. 

FyrogaHie Acid, 13, 33. 

PyTOgalline— Pyrogallol— seo Pyro- 
gaUic Acid. 

Pyroxyllon — see Kitrocelluloae. 

QoAseiN, 155, 156. 

Quercitftnnic Add, 37, iS. 

Qukiia, 136, 139, 135 to 133, 140 to 

143, 144, 145, 149, 149, 160. 
Quinio Acid, 13, 38. 
Qulnidia, 136, 128, 185, 136, 138, 140, 

141, 143, 145 149, 151, 




Resiniaed Oils, 105, 
Resins, 13, 92. 

Determined in Soapa, 00. 
Rceadia, 138, 128, 138, 
Rhubarb, Clirysopliaiiio Acid fi-ooi, 

Ricinoieio Acid, 13, 69. 

llodaers and Ctirdwood'a Method, 

130, isa. 

RoaaniUn, 131. 

Rosemary Oil, 107, 100, 111, 113, 114. 
Rose Oil, 107, 109, 111, 113, 114. 
Rosewood Oil, 107. 



Rub Oil, lOS, 109, 111, 113. 



Saccharose — sec Sucrose. 
Saliciu, 13H, 139, 136, 137, 138, 146. 
Salicylic Acid, 13, 4T. 
Sandai-ttc, 103, lOi. 
Sanguiuarin, 143. 
Snntalic Acid, 13, 43. 
Santalin — see Santalie Acid. 
Santonin, 137. 

Saponification, Means of, 75. 
Saponin, 136, 138, 188. 
Sarcolactates, M, 
SarBaparOlln, 146, lOfl. 
Sassafras OiL 108, 109, 110. 
Saturation, Fractional, &'. 
Savine Oil, 108, 109, 114. 
Scammonin — see Jalapin. 



SeciHu — see Trimethylatnia. 
Senagin. 146. 

Senna Resin, Separation from Gam- 
boge, 98, 10*. 
Separation of Acids, a.s Lead Salts, 

Alkaloids from other matters, 180. 
each other, 150. 
Glucosides, 160. 

Flsed Oils 85. 

Kon-volatile Fat Adds, 71, 

Resins, 103. 

Solids from liquids, 13. 

Volatile Fat Acids, 68, 63. 

Volatile Oils, 105. 
Seralbumen, 158. 
Sesame Oil, 78, 76, 80, 81. 
Shell Lac, 101. 
Soaps 13, 8T. 



iolids. 



«., i36,'lS7,139, 130, 
145, U7 1^ 151, 
rVeluoinary B^ 
f, H. 



1S8, 141 to 
amination 



Solid Volatile Acids, 43. 

Non-volatile Acids, 14. 
Soluble Stai-ch, 164. 
SmilBcin, 146. 
Spermaceti, '74. 
Spearmint Oil, Ice, no. 
Spirit of Nitrous Ether, 180. 
StarcK 13, 164. 
Starch Sugar — see Glucose. 
SfJiB and Otto's Method with Alka- 
loids, 180. 
Stearic Acid, 13, 70. 
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Stearoptenes. 
Storas Resin 

StiTdmia, 1^, 1S7, 1S9, 135, 137, 
140tolM - 



iS»"''" 



Sugaj^ 13, 168. 

SuTphurio Add, ob Eeagauli, 144, 

155, 150. 
See, also, imder Glucosidea. 
Simfiower Oil, 73, 77. 
Sweet Spirits of Nitre — see Spirits 

NitroiiB Bther. 
Sylvic Acid, iu Colophony, 06. 
SyviugiD, 136, 148. 

Tallow, 74. 

in Butter, 83, 83. 
Tannic Add, 13, 18, 146. 

disdnguislied. from ttellic, 31. 

aa Reagent, 139, 1^. 
Tannic Acids, 36, 
Tanoiylio Acid, ST. 
Tansy Oil, 103, 109, 114, 
Taraxacin, 150. 
Tartaric Acid, 13, 14. 
Tea, Black, Separation of Bolieic 

Acid from, 36, 
TheiDaina, 1S6, 127, 130, 135 to 138, 

143, 148, 146, li9, 151. 
Theobi-omina, IBt, 139, 136 to 139, 
■■" -•% 146, 148, 149, 151. 



Tragacauth, 163. 
Trimetiylamia, 133, 124. 
Trinitroplienic Acid — ses Nitro- 

phenic. 
Trommer'a Sugar Test, 169. 

UsLAB and Erdmanu's Method, 130, 



Valehianjo Acid-^ee Valeric. 
Valerian Oil, 108, 109, HI, 113, 118. 
Valeric Acid, 18, 60, 63, 



Veratric Acid, 13, 47. 
Vogel's Laotosoope, 84. 
Volatjle Bases, lao. 
Fat Acids, CT. 

Wall Lichon — see Panaolia p, 
Walnut Oil, 13, w. 
"Was, Bees', 74 
wWe OU, 78, 78. 
Wintergreen Oil, 109, 110, 
Wormseed Oil 108 to 111, 114. 
Wormwood OT, 108, 109, 111, 114. 

Xn.TPiH, 130. 
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SCIENTIFIC BOOKS 

FUBLISHED BY 

D. Ykn Nosteand, 

23 Murray Street & 27 Warrem Street, 
NEW YORK. 

Weisbacli's Mechanics. 

^etv and Revised Edition. 
8yo. Cloai. $10.00. 
A MANUAL OF THE MECHANICS OF E:TOIXEEIiING, 
aud of the Coastruction of Machines. By Julics Weisbach, Pn. 
D. Translated from the fourth augmented and improved Ger- 
man edition, by Eckiet B. Cose, A.M., Mining Engineer, Vol, 
I,— Thooi-otioal Mectanica. 1,100 pages, and &02 y!oad.-<i\\i 
illustrations. 

Abstract op Cobtbnts. — Introduction to the Calculus — The General 
Principles of Meohanica — Phoronomica, or the Purely Mathematical Theory 
of Motion — Mechaniea, or the General Physical Theory of Motion— Statics of 
Kigid Bodies — The Application of Statics to Elasticity and Strength — Dyuam, 
ic3 of Eigid Bodies— Statics of I'luids— Dynamics of Plttids— The Theory 
of Osoillation, eto. 

" The present editdoa is an entirely new woik, greatly extended and very 
much improTcd. It forms a test-hook "which must find its way into the hands, 
iot only of every student, but of every engineer who desires to refresh Ms mem- 
ory or actiniro clear ideas on doubtful points." — Manufaeturei" and Builder. 

" "We hope the day is not far distant -when a thorough oourse of study end 
education as such shall bo demanded of the practising: engineer, and with this 
view wo are glad to weloomo this translation to our tongue Mid shoves of ono 
r.f the' most able of the nducatoi-3 of Europe."— J7ia Teclm^V^M^iOO'-Ac 



2 iiCIKN'TIFIO jyOOA'.S PUHLIiiUJ^I) JiT 

Francis' Lowell Hydra\ilics. 

Tliird Mdition. 

4^1. Cloth. §15.00. 
LOWELL IIYDEAULtO EXPERTMENTS — being a Scbc- 
tlon from Experiment!! on Hydraulic Motors, ou the EIow ^if 
"Water over "Weirs, and in Open Canals of Unifomi EectanguJar 
Section, made at LowoU, Mass. By J. E. Euahcts, Civil Enginoor. 
Third edition, revised nnj enlarged, including mouy New Ex- 
periments on Gauging "Water in Open Canals, and on tlie Elow 
tkrougli Submerged Orifices and Divci^ng Tubes. "With 23 
copperplates, beaiitifully engraveil, and about 100 new pagea of 



Tho work is divided into parta. P^UiT 1., on liydi'auHo motors, includes 
ninety-two eipeiimoatB on na improved roumeyrou Turbino Water-'Wieel, 
of about two hundred horae-powor, with rules and tables for the coiistruotioii 
of eiimlar motorB ; ihirtaeu espariments on a model of n centre-vent water- 
wheel of the most simple design, and thirty-nine esLporimenta oil a oentce-vent 
wntor-wheel of abont two hundred and thirty horee-power. 

Part II. includes eeveuty-four experimenta made for the purpose of deter- 
mining; tho form of the formula for computing; the flow of wafer over weirs ; 
nine experiments on the effect of back-water on tho flow over weirs; eighty- 
eight esperimonta made for the purpose of determining the formula for com- 
puting' the flow over weirs of regular or standard forms, ivith eevoral tables 
of comparisons of the new formula with the results obtained by former eiperi- 
menters; five experiments on the flow over a dam in which the oreet was of tlio 
Kame form as that built by the Essex Compaixy across the Merrimack Eiyer at 
Iiawrenoo, Masaachnaetts; tirenty-ono ciperimenta on tlio cifeot of observing 
til G depths of water on a weir (it different diatancea from tho weir; anaiten- 
fiive series of experiments made for the purpose ol determining rules for 
gauging streams of water in. open oanals, with tables for facilitating the same ; 
and one hundred and one experimenla on the discharge of water through aul>- 
iHcrgiJcl orifioes and diverging tabes, the whole being- fully illustrated by 
twenty-three double plates engraved on copper. 

In 1805 the proprietors of the Locks and Canals on Merrimack Biver con- 
sented to the publication of the first edition of this work, which contained a. 
seleotion of the most important hydraulic experiments mode at Lowell np to 
tliat time. In, this edition the principal hydraulic experiments made tliere, 
eubaeqnent to 1855, have beau added, including the important series above 
mentioned, for determining mies for tho gauging the flow of water in open 
ijunals, and the interesting sorioa on tho flow through a' aubrogrgod Venturi'a 
tu.bc, in which a larger flow was obtiir.od than any iraimtlvicoijiliMJ If 
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Francis on Oast-Iron Pillars. 

Svo. Cloth. §3.00. 
OX THE STEEWGXH OP CAST-mON PILLARS, witii Tables 
fuf the use of Engineers, Architects, and Builders. Ey J.uies B. 
Pii.iNCia, Civil Engineer. 

Merriirs Iron Truss Bridges. 

Becond EditioH. 
4to. Cloth. §0.00. 
lEON TEU8S BEIDGES FOE EAILROADS. The Method of 
Calculating Strains in Trusses, with a oareftil comparison of tho 
most prominent Trusses, in reference to economy in combination, 
etc., etc. By Brevet Colonel Wilijah E. JiERuiii, U.S.A., 
Major Corps of Engineers. Nino lithogi'aphed plates of illustra- 

" Tho work before ua is aa attempt to glre a baais for sound retarm. in, tliia 
!Eeature of milroad ci.gineeriua^, lay throwing ' adilitioiial light upon, tho 
inetlioil of calculating the maiima strains that oan oorae upon any poet of ft 
brit^ truss, and upon, the maimec of proportioning each part, so that it shall 
bo as strong relatively to its own strains as any other part, and bo that tho 
entire iiridge may be strong enough to sustain several times as great strains 
aa the greateafc that can oome upon it in actual use.' " — Seieniijie Amerisan. 

"The author has presented his views in a olear and intelligent manner, and 
tbe ingenuity displayed in coloring the flgurss ao aa to present certain facta 
to the eye fotpms no iuappreoiablo part of the merits of the iKork. The reduc- 
tion of the ' formuhe for obtaining the strength, volume, and weight of a cast- 
iron pillar under a strain of compression,' will bo very aeceptablo to those who 
liavo occasion hereafter to make investigations involving these oonditiona. As 
a whole, tho work ha,a been well done." — Bailroad Qanelte, Ohieago, 



Humber's Strains in Girders. 

ISmo. Cloth, $3,50. 
A HANDY BOOK FOE, THE CALCULATION OP STEAINS 
IN GIRDERS and Similar Structures, and their Strength, con- 
sisting of Formulco and Corresponding Diagrams, with imm.erou3 
details for practical applicatioa. By Willi.wi Hujibeu, Pully 
illustrated. *- .OO'^lc 



i SCIENTIFIC JiOOKH l^UBIISIIEB BY 

Slireve on Bridges and Roofs. 

Sto, 87 irood-cut illustrations. Cloth. $5.00. 
V TPE'!lTI=1E ox TFS STRENGTH OF BCIDGES AJN~D 
"RrDOr — compr tie letermmation of Algebraic foiniulaa 

i T Stiiina n Horizout 1 Inclined oi liafter, Tiiangular, Bow- 
Hj, le tcular and ot! er Tiusse% fiom fixed ind moving 
1 ads ■wrth. practical api a lona and ©saiaplpa, for the u^o of 
S den and Eh j, nee Bj ^iiiuei H fenstvi AM! Civil 
Ee„ ueer 

produced n book u-hich ia tlie simpieat, 
■ -■ ■icand witli the beet matli- 



ematical reasoning ol any woik upou tlie eauie subject in tlie language. "■ 
liuUroad Gazette. 

" From tlie auuBnally clear language in wliicb. Mr. Slireve ha.^ given every 
Btateraant, tlie etudeat will liave but liimselt' to blame if lie doea not become 
thorough maater of tlie Bubject." — London Mining Jownial. 

"Mr. Slireve Iiaa producBtl a work tliat must nlwayH t-ake lii^li rauk aa a 
l(!S.t-book, * « * and no Bridge Engineer eliouid be witlioiit it, aa a 
valuable work of reference, and one tliat iviU frequently assist Lini out of 
dilficulties." — S¥an!cUii Institute Journal. 



The Kansas Oity Bridge. 

■Ito. Cloth. SG.O: 
WITH AN AOOOUNT OF THE EEGHMEN OF THE MIS- 
SOUEI ErYEE, and a description of the Methods used for 
Founding in that Eiver. By 0. Ohanitte, Chief Engineer, and 
G-BOBftE MoKisojr, Assistant Engineer, Illustrated with five 
lithographic views and twelve plates of plans. 



JUuslrations. 



Views. — View of the Kansas Oity 
Bridge, Aitgust 'i, 18G9. Lowering 
Oiiason No. 1 into position. CaiBsan 
for Pier No. 4 brought into poaition. 
View of Foundation Works, Pier No. 
4 Pier No. I. 

Plates. — I. Map ahowing looation 
of Bridge, n. "Water Record— Cross 
Seotioa of Biver— Profile of Grossing: 
— Pontoon Protection. III. "Water 



tion Worka, Pier No. 3. IV. Foonda^ 
tion "Works, Pier No. 4. V, Founda- 
tion Works, Pier Ko. 4. VI. Caisson 
No. 5— Sheet Piling at Pier No. 6— 
Detaila of IJredges— POe Siioe— Beton 
Box. VIL Masonry — Draw Protec- 
tion — False "Works between Piora 8 
and 4. "VIII. floating Derricks, 
IX. General Elevation — 176 feet span. 

_ X. 348footapau. XL Phws of Draw. 

Deadenor— Caisson No. 3— Founda | XII. StcMn Diflgraios^ | 



r>. VAN NOSTRANB. 



Clarke's Q^nincy Bridge. 

4to. Cloa. $7.50. 

DE8CEIPTI0N" OF THE IRON EAILWAY Bridge across tho 
Mississippi Eiver at Quinoy, Illinoia. By Thomas OuktisClabki!, 
Ohief Engineer. Illustrated with twenty-o. 

1,1.™. 

lUustratiwis. 



Pl.ATEB. — General Plan of Miasis- 
eippi Eiver at Quinoy, showmg looa- 
tiun. of Eridge. ILi. Gteneral Sections 
ol Miaaissippi Eiver at Quinoy, siow- 
iog location of Bridge. IK. General 
Sections of Misaiaaippi Eiver at Qiiin- 
cy, stowing location of Bridge. IIL 
General Seetioiis of Missiaaippi Eiver 
nt Quinoy, showing location of Bridge. 
IV. Plans of MaBonry. V. Diagram 
of Spans, showing the DimonsionH, 
Arrangement of Panels, etc. VL Two 
liundred and fifty feet span, and de- 
tails. VIL Three hnndred and sixty 
feet Pivot Draw. Vin. DetaiU of 
■three hundred and sixty feet Draw. 
IX. Ice- Breakers, Foundations of Piers 
and Abutments, Water Table, and 



Curve of Deflections. X. Foruida- 
tions of Pier 3, in Process of Con- 
struction. XI. Foundations of Pier 
3, and its Protection. XIL Founda- 
tions of Pier 8, in Proosss of Oonstruo- 
tion, and Steam Dredge. XIII. Foun- 
dations of Piers 5 to 18, in Proeoae 
of ConatmoMon. XIV. False Works, 
showing Process of Handling and Set- 
ting Stone. XV. False Worlts for 
Kaising Iron Work of Superstructure. 
XVI. Steam Dredge used in Founda- 
tiona D to 18. XVH. Single Bnoliet 
Dredgo used in Foundations of Bay 
Piers. - XVIIL Saws used for Gut- 
ting Piles nnSer wafer. XIX. Sand 
Pump p,nd Concrete Pox. XX Ma- 
sonry Travelling Oraaie. 



"Whipple on Bridge Building. 

Svo, lUustrated. Cloth. $4.00. 

AN ELEMENTARY AND PEAOTICAL TSEATISE ON 
UEIDaE BUILDING. An eiilaiged aiul improved edition of 
tlie Author's original work. By 8. "Whipple, C. E., Inventor of 
tlie Whipple Bridges, &c. Second Edition. 

The design has been to develop from Fundamental Principle a system easy 
of comprehension, and Euoli as to enable the attentive reader and student to 
jndge understandingly for liimself, as to the relative merits of different plana 
and combinations, and to adopt for use suoh as may be most suitable for the 
cases he may have to deal witii. 

It is hoped tlia work may prove an appropriate Text-Book upon tho snbjec 
troated of, for the Engineering Student, unci a useful -a 
jng Engineer and Bridge Builder. 



nanual for^the Praotio- 
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Stoney on Strains. 

JPew and Hevised ILdiUon, with mttnerous illustrations. 

Eoyal Svo, 664 pp. Cloili, $13.50. 

THE THEORY OF STRAINS IN OIEDEES and SiniDar Stmo- 
tures, with Observatioas on the Application of Theory to Practice, 
nnd Tables o£ Streagth and other Propertiea of Materials. By 
EiNDOM E. Stonet, E. a. 

Roebling's Bridges. 

TmiioriHl folio. Cloth. $35.00. 

LONG AND 9H0ET SPAN RAILWAY BRIDGES. By John 
A. EoEELiNG, 0. E. Ilinatrated witb large copperplate engrav- 
ings of plans and views. 

List of Plates 
1. Parabolic Truaa Eailwaj' Bridga. 3, 3, 4, S, 6. Detaila of Parabolic 
Truss, wilh centre span GOO feet in the clear. 1. Plan and View of a Bridg's 
over the Miasiaaippi River, at St. Louis, for railway and common tcaTal. 8, B, 
10, 11, 13. Details and View of St. Louia Bridge. 13. Eailroad Bridge over 
the Ohio. 



Diedriclis' Theory of Strains, 

8to. Cloth. $5.00. 

1 ( ompendiiini f o C ition n 1 f onstr ot on of Bridges, 

J. jfs ini anes tv h t e Aj^jl atoa of Tr gonometrical 
NttLB Lena a^, he o con^reh n ve nf n ation in re- 
gaid to the E ng '^tra na for a permanent Loal as also for 

a combined (Permanent and Poll a^) Load In two sectiona 
ilipttd tj the ni omen s t he p ent m L Johs Eieu- 
KicHs lUu&t ated by n m on pla aa aad d gi ma 

" The want of a comp i 

tion of Eoofs and B d5,es — e p 
ble load — and the un ti f to 
indnced mo to prepa a fhia s 
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Whilden's Strength of Materials. 

larao. Cloth. 13,00. 
ON THE STBEXGTH OF MATERIALS used ia Engineering 
CoiiHti-uctiou. By J. K. Whilbek. 



Campin on Iron Roofs, 

Large 8ro. CIoHi. S2.00. 

ON THE OONSTEUOTION OF ISON ROOFS. A Theoretical 
and Pi-actical Treatise. By Fji.vjscra Ciiipis. Witli wood-otita 
and plates of Eoofs lately oxecutod. 

" The matliematioal formulas ace of an elementaTy kind, ami the process 
admits of an easy esteneion. so as to embrace the pcominent varieties of injn 
truaa bi^ii^t^. The tcaatiae, though of a practiool aoieuMfio oharaoter, may ho 
oaaily mistered ty any one laniiliar with olementiry nieohanioa and piano 

HoUey's Railway Practice, 

1 vol. folio. Cloth. $13.00. 
AMERICAN AND EUEOPEAN EAILWAT PRACTICE, in 
tlic Econooiical Generation of Steam, including the materiala 
and eouatruction of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Cii'ciilafcion, Super-heating, Supplying 
and Heating Feed-water, &o., and the adaptation of Wood and 
Colie-bimiing Engines to Goal-burning ; and in Permanent .Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
tc, &c. By Albsandek L. Holley, B. P. Witli 77 
1 plates. 

" This ia an alahorate treatise by ono of our ablest oivilengiueBcs, ou tho cou- 
stmation and nsa of locomotiyes, with a few chapters on the building of Rail- 
roetls. *■ « « AH theso subjects are treated by the author, who ia i 
fiifit-clasa railroad engineer, in both an intslligont and inteUigible manner. Tho 
facta and ideas are well arranged, and pi'esentod in a clear and aimple style, 
accompanied by beautiful engravings, and we presume the work will be regard' 
ed as indispensable by all ivho are interested in a knowledge of the conatrno- 
tion of railroads and rolling stock, or tho working of looomotiffBs."— &liip&l(?ii 



8 SOIEN'TIFIC BOOKS PUBLISHED BY 

Henricrs Skeleton Structures. 

8vo. Clotli. $1,50. 

SKELETON STEUCTL'IiES, especially in their Application to 
the building of Steel and Iron Bridges. By Oiaus Hbneioi. 
With, folding plates and diagrams. 

By presenting those general examinatioiia on Skeloton Structures, -with 
particular application for Suspauded Bridges, to Engineers, I veiiture to ex- 
press the hope that they will receive these theoretical results with eome confi- 
dence, even although an opportunity is wanting to compare them with practi- 
cal reenlts. O. H. 

Useful Information for Railway Men. 

I'ocliet form. Morocco, gilt, ^.00. 

Cominled by W. G. II.imilxok, Engineer. Fifth edition, revised 
and enlarged. 570 pages. 

'■'It emlxidies many valnahle forniulje and recipes useful for rsdl way men, 
and, indeed, for almost every class of peraona in the world. Tho ' informa- 
tion ' comprises some valnahle formulra imd rules lor the oonstruotioit of 
boilers and engines, masonry, properties of steel imd iron, and the atiength 
of materials generally." — UuAlroad, GazUU, Olmago, ■ 



Brooklyn Water Works. 

1 vol. foHo. Cloth. 1^25.00. 

A DE8CEIPTITE ACCOUKT OF THE C0N8TEU0TI0N OF 
TnE WOEKS, and also Eeporta on the Brooklyn, Hartford, 
Bellevilie, and Cambridge Pumping Engines. Prepared aad 
printed by order of the Board of Water Coramiasioners. With 
o9 ii lustrations. 

CowTF.NTS.— Supply Ponds — Tho Conduit —Eidgewood Engine IIouso imd 
Pump Well — Rldg^wood Engines— Porca Mains — Eidgowood Eeservoir — 
Pipe Distribution — Mount I'roapeufc Eeservoir — Mount Pvospsot liliisina 
House and Engine — Drainage Grounds— Sewerage ■Wor)i:s--:Ap^^idji^o \^ 



1). VAir JVOSTRAJSTD. 

Kirkwood on Filtration. 

4to. Cloth. pl5.00. 

SEPOBT OX THE PILTBATION OF EIVEE, WATEES, for 
the Supply of Gitios, aa practised in Europe, made to ihe Board 
(if Water Commiaeioners of the City of St. Louis. By James P. 
KiRKwocD. Illustrated by 30 do«bIe-plat« engravings. 

GoKTBHTa. — Eeport oa Filtcation — London Works, General — Chelsea 
"Water "WorliB and Piltejs— Lambetli "Water "Works and S'ilters— Soutliwai'k 
and Vaushall Water "Works and Filtera— Grand Junetiou Water Works and 
Filters — West Middlesex Water Works and Filters — Ife-w Itiver Water 
Worics and Filters — East Iiondon Water Worts aod iPilters — Leioeater Water 
Works and Filters — York Water Works and Filters — LiTBcpool Water Worka 
Eiid Filters — Edinburgli Water Works and rilters — Dubliii Water Works 
and Filters— Pertli Water Works und Filtericfr Gallery—Berlin Water 
Works aii3 Filters — Hambnrg: Water Works and Eeaervoirs — Altona Water 
Works and Filters — Tours Water Works and Filtering' Canal — Angers Water 
Worka antt Filtering Galleries — Nanfea Water Works and Filters — Lyons 
Water .Works and Filtering Galleriee — Toulonse Water Worlts and Filtering 
Galleries — MarseOlea Water Works and Filters — Genoa Water Works and 
Filtering Galleries — Legliom Water Works and Oiatsma — Wakefield Water 
Works and Filters— Appendix. 



Tanner on Roli-Tiirning. 

1 vol. Sto. and 1 vol plates. $10.00. 

A TEEATISE OK EOLI-TUENING EOE THE MANTJFAC- 
TUEE OE lEON. By Peter Tukbee. Translated and adapted. 
By JoHs B. pEiESE, of the Pennsylvania. Steel Works. With, 
tumorous wood-cuts, 8vo., together with a folio atlas of 10 litho- 
graphed plates of Eolls, Measureioeuts, &c. 

" Wn conunend tHs Ijook as a clear, elaborate, and practical treatise upon 
the department of iron manufacturing operations to ■which ib ia devoted. 
Tlie writer states in Lis preface, that for twenty five years lie lias felt tho 
uecesaity of sncb, a work, and has evidently brought to its \ reparation thu 
fruits of experience, a painstaking regard for n<:cura'''v of stiteinent, and a 
desire to furnish information in a style readily nnderstood The I ydk should 
bo in the hands of every ono interested, either in the genei 1 practito of 
meohaninal engineering, or the special branch of mannfacturms^ oj erations t^ 
which tho work relate*.'' — American Artisati. ^ i 'V'K 



10 SVIMh'TIb'lC JiOOKH I'XTBLISHBD BY 

Giynn on the Po^ver of Wa.ter. 

ISmo. Cloth. $1.00. 

A TEEATISE ON" THE POWEH OF WATER, as applied to 
drive Elour Mills, and to give motion to Turbines and other 
Hydi-ostatic Engines. By JosErn: Gltnn, F.E. 8. Third, edition, 
revised and enlarged, ^Titll numerous jllustration.s. 



Hevi'"soii on Embankments. 



PBINOirLES AND PEAOTICE OP EMBANKING LANDS 
from Eiver Floods, as applied to the Levees of the Mississippi. 
By WiLLiAsr Hewsow, Civil Engineer, 

" This is a valuable treatiae ou tins principlea and practice of embaiiking; 
lands from river floods, as applied to tte Levees of the Mississippi, by iv highly 
intclEgeEt and experienced engineer. The author says it is a first attempt 
to reduce to ocder and to rule the design, oxccutioii, and measurement of the 
Levees of the Mississippi, It is a most useful and needed contribution to 
scientific litciature.— P/»VaiS5(;)M[ Evening Journal. 



Griiner on Steel. 

Sto. Gloti. $3.50, 
THE MANUFAOTUEE OP STEEL, By M. L. Oetwee, trans- 
lated from tlie Fronoli, By Lenox Smith, A. M,, E, M., mth an 
appendix on the Bessemer Process in the United States, by the 
translator. Illustrated by lithographed drawings and wood-cuts. 

" The purpose of the work is to present a oaiefnl, elaborate, and at the 
Bams time practical examination into the physical propertifis of ateel, 03 ivell 
as a deaociption of the new processes and mechanical appliances for its mannJac- 
ture. The information ■which it ooutains, gathered from many trustworthy 
BOTirces, will be found of much value to the American steel manufacturer, 
who may thus acquaint himaelE with the resolts of careful and elaborate ex- 
periments in other countries, and better prepare himself for successful com- 
petition in this important industiy with foreign makers. The fact that thia 
volume is from the pen of one of the ablest metallurgist^ of ^^^^M4j,day, 
cannot fail, wo tliink, to secure for it a favorable consideration.— .mirf^jdj'e. 



Banermaii on IroHo 

131110. CHotli. $3.00. 
TliEATISE OX THE METALLURGY OE IBOH. Contain- 
ing outlinea of tlie History of Ii'oii Maiiufacfniro, methods of 
Assay, and analysig of Iron Ores, processes of manufacturo of 
Iron and. Steel, etc., etc. By H. Bi.TTEiiMiH'. First American 
edition. Eevised and enla^^ed, with an appendix on the Martin 
Proceaa for making Steel, from the report of Abram S. Hewitt. 
Illustrated Trith numerous ■wood ongravii^s. 

" This ia an important addition to tto stock of teolmioal i7ork3 published in 
tliiH country. It embodies tho latest facts, diacovariea, nnd prooeBsea cou- 
nected with the manufacture of iron and steel, and should ho iu the hands of 
ovmy person intorested in the subject, aa well aa in all teohnioal and seieatifio 
libraries." — SdenUJio American. 



Link and Valve Motions, by "W. S. 

Anchincloss. 

iivo. Oiotii. %ZM. 
APPLICATION OF THE SLIDB VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methods for proportioning the parte. By "Wimjajc 
8. Attchiucloss, Civil and Mechanical Engineer. Designed as 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. . All dimen- 
sions of the valve are found with the greatest ease by naeana of 
a Printed Scale, and proportions of the link determined without 
the assistance of a model. Illustrated by 37 wood-cuts and 21 
lithographic plates, together with a copperplate engraving of the 
Travel Scale. 

All the matters ve have mentioned are treated with a clearness and abseuco 
of unnecessary verbiajfo which renders the work it peouliacly valuable one. 
The Travel Scale only requires to be known to bo appreciated, Mr. A. writes 
ao ably ou liis subject, we wiali he had written more. Lon^rt En- 
gineering. 

Wo have never opened a irork relating to steam which seemed to ua better 
caleulated to give an intelligent mind a. clear undsrstandiug.sJ.'liHBMetf'rt' 
—Scientific American. 
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Slide Yalve by Eccentrics, by Prof. 
0. W. MacGord. 

4{o. Illustrated. Cloth, $4,00. 
A PKACTICAL TEEATISE O^T THE SLIDE TALVB BY 
EOCENTEICS, examining by methodaj the action of the Eccen- 
tric \ipon the Slide Valve, and explaining the practical proces- 
ses of laying out the movements, adapting the valve for ita 
various duties in the steam-engine. For the use of Engineers, 
Draughtsmen, Machinists, and Students of valvo motioos ia 
general. By 0. "W. M^cCoitn, A. M., Professor of Mechanical 
Drawing, Stevens' Institute of Technology, Iloboken, N. J. 



Stillman's Steam-Engine Indicator. 

13mo, Cloth. $1.00. 

THE STEAM-ENGIME INDIOATOE, and tlio Improved Mano- 
meter Steam, and Vacuum Q-anges; their utility and application 
By Pattl SriLLMiK. Kew edition. 



Bacon's Steam-Engine Indicator. 

13mo. Cloth. ^1,00, Mor. $1.50. 

A TREATISE ON THE lilCHAEDS STEAM-ENGINE IN- 
DICATOE, with directions for its use. By Chaulks T. Posteh. 
Eevised, with notes and large additions aa developed by Amer- 
ican Practice, with an Appendii containing useful formuUs and 
rules for Engineers. By P. W. Bacon-, M B , IT&mber of the 
Ameiican Society of Oivil Engineers. Illustrated Secund EdUion 
Til this work, Mr. Porter's book has toan taken as the bi!ja, but Mr. Bacon 

ti^s adapb^d it to American Praotice, and has conferrbd a gieat boon on 

Amerioan Engineers,— jlriisan. 



Bartol on Marine Boilers^ 

8to. Cloth. $1.50. 
TEEATISE ON THE MAEINE BOILERS OF THE UNITED 
STATES. By H. B. Bautol. Illustrated. 
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Gdllmore's Limes and Cements. 

Fourth Edition. Jtevised and Eniarffd. 

8yo. Glofh. §4.00. 

PEAOTIOAL TREATISE ON" LIMES, HYDEAULIO CE- 
MENTS, AMD M0ETAR8. Papers on Practical Engineering, 
U. S. Engineer Dopariinent, No. 9, containing Eeporta of 
numerous experimenta conducted in New York City, during the 
yoara 1858 to 1861, inclusive. By Q. A. Gilmioke, Brig-General 
V. 8. Volunteers, and Major XT. 8. Corps of Engineers. Witli 
numerous illustrations, 

" Thia ■work oontaiKS a reconl of certain, experinieata and resoarcliea laada 
nnder tha authority of the Engineer Buveau of the War Deparbnent from 
1858 to 1801, upon, the various hydraulio cemeota of tlio United States, and 
iho materiais for tJieir manufacturo. Tho esperiHienta were carefully made, 
and are ivell reported and compiled. ' — Journal ITraiMin Institute. 



Gillmore's Coignet Betou. 



COIGNET BETON AND OTHEK jVItTIFIOIAL STONE. By 
tt. A, GiLLMojiE. 9 Plates, Views, etc. 

Tliia work deactibea with considerable minuteness of detail the seyeral kinds 
of artificial stoae in most general uee in Europe and now beginnings to be 
introduced in the United States, diacussta their properties, relative merits, 
iind cost, and describes the materiala of whicli they are composed. .... 
Tha subject is one of special and growing interest, and we commend the work, 
embodying as it does ih.e matured opinions of an eisperienced engineer and 



■Williamson's Practical Tables. 

4ti). HexiUe Clotli. $3,50. 

PEAOTIOAL TABLES IN METEOEOLOST AND HYPSO- 
METEY, in connection mth tlio use of tlie Barometer. By Ool. 
B. S. Wn.i.iA«soa, U. E. A. ' ' ^'"'-'8"^ 



;:ciEiiTiFic jioOKH pz.:n:-iiUTA'ij jrr 



"Williamson on the Barometer. 

ito. Cloth. $15.00. 
ON THE USE OF THE BAEOMETEE OIST SIIRYEYS AN1> 
KEC0NNAIS8ANCES. Part I. Meteorology ia itg Connec- 
tion with. Hypsometry. Part II. Eaioioetiie Hypaometry. By 
J{. S. "WiLLiAMsoii, Evt. Lieut.-Col. U. S. A., Major Coi-pa cf 
Engineers. With. Illustratiyo Tables and Engravings. Paper 
No. 15, Pi-ofessional Papers, Cor^Ds of Engineers. 

" Sam KiANCtsco, Gal., Feb. 37, 18G7. 
" Gen. A. A. HiraPHKEYS, Chief of Engineers, U. 8. Array ; 

" Gbhehal, — I liaTS the honor to submit to you, in. tho following p^es, tho 
results of my inveatigations in meteorology and hypsometry, made with tho 
visir of ascertaining how far tho haroroeter can. be used as a reliable iostru- 
ment for determining altitudes on extended lines of snrvey and reoonnaia- 
aances. These inveatigations liavo occupied tho leisnre permitted me from my 
professional duties during the last ten years, and 1 hope the results will bo 
deemed of sufficient toIuo to have a place assigned them, among the printed 
professional papers of the Uuitetl States Corjra of Engineers. 
" Very respectfuily, your obedient serTont, 

'■ It. a. "WILLIAMSON, 
"Evt. Lt.-Col. TJ. S. A., Major Coi-pa of U. S. Engineers." 

Yon Gotta's Ore Deposits. 

8vo. ■ Cloth. ?i4,00. 
TREATISE ON GEE DEPOSITS. By Berwhaeb Voh Gotta, 
Professor of Geology in tha Eoyal School of Mines, Ereidberg, 
Saxony. Translated from tlio second German edition, by 
Pr.nrEnrce Pbime, Jr., Mining Engineer, and revised by tho 
author, with numerous iUusti'ationa. 
" Prof. Ton Cotta of the Treiberg Sohool of Mines, is tha author of tho 
best modem treatise on ore deposits, and we are heartily glad that this ad- 
mirable work has been translated and published in this country. The trans- 
lator, MJr. Frederick Prime, Jr., a graduate of Pieiberg, has hail in Ms work 
the great advantage of a reTision. by the author himself, who declares in. a 
prefatory note that this may be considered as a new edition (the third) of his 
oivn book. 

" It is !i timely and welcome contribution to tlie literature of mining iu 
this country, and we are grateful to the translator for his enterprise and good 
judgment in undertaking its preparation; while we i«oc^;niaa with equal oor- 
diality the liberality of tho author in granting both ])^jgi|^@(^^^^^t- 
anoe." — JUatracl from, BeiUw in Engineering una Mining Jownal,. "^ 
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Plattuer's Elow-Pipe Analysis. 

Second edition, Eerised. 8Vo. Cloth. $7.50. 

PLATTNEE'S MANUAL OF aUALITATIVE AND aUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. Prom 
the last German editioa. Eeviaed and enlarged. By Prof. Tn. 
IticHTEM, of the Eoyai Sason Mining Academy. Translated by 
Prof. H. B. CoENiv.iiL, Assistant in the Coliimbia School of 
Mine3, New York ; aeaist^d by Jostr H. OAawELL, Ulusti-ated 
ivith eighty-seven wood-cuts and one Lithographic Plate, 560 
pages. 
" PlEittner'a celebrated work has long been reoognized as the only complete 

book on BIow-Hpo Analysis. The fourth Qcrman edition, edited by Prof. 

Itioiiter, fally sustains the reputation -whioli the earlier editions aoquircfi dnr. 

ing tlio liletime of the author, and it is a sonrco of great satiafaotion to na to 

linow that Prof. Itichter has co-operated with the translator in iaauing the 

Amerioon edition, of the work, whioh is in fiict a fifth edition of the ori^nal 

work, being far more complete tliaii tho last Gorman edition." — SiUiman'i 

Juurnal. 

There is nothi^ig so complete to be found in tho Enghsh Iang:uage. Platt- 

ner'a hoot is not a mere pocket edition ; it is iatonded as a comprehensive guide 

to ail that ia at present known on tho hlow-pipe, and as such is really India- 

penaahle to teachers and advanced pnpils. 

" Mr. Cornwall's edition is sometliing inoro than a translation, ss it contains 

many corrections, emendations and additions not to bo found in the oiiginaJ. 

It is a decided improvement on the work in its GSerman dress." — Journal of 

Applied OhcntUtry, 



Egieston's Mineralogy, 

Sto. Illustrated witli 34 Lithographic; Plates. Glodi. !5430. 

LECTUEE8 ON DESOEIPTIVE MINERALOGY, Dehvered 
at tho School of Mines, Colnmbia College. By Phopessor T. 

EaLESTON. 

Tliese loptuiea are -wheA their title indioatea, the lectures on Mineralogy 
dulivered at tho Sobool of Mines of C<dnmfeia College. They hare been 
printed foi the stu'^onts, in order that more time might he given to the vari- 
ous methods of e^'umnmg and determining minerals. The secpjid part has 
only been prmted The feat pari, comprising cryatallogMipl(jfiikia>^Jiical 
mineraii^ty, Will ha pimlod at some future time. 
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Pynclipn's Chemical Physics. 

S&w Edition. Jtevised and Enlarged. 

Crown 8to. Cloth. §3.00. 

INTEODUCTIOW TO CHEMICAL PHYSICS, Designed for Uie 
Use of Academies, CoJlagea, and High Schools. Illustrated with 
immeroua engraviiigs, and containing copious experiments "with 
directions for preparing them. By Thoma3 EiroeiEa Ptschon, 
M.A., Professor of Ohemiatry and the Natural Seiencea, Trinity 
College, Hartfoi-il, 
Hitherto, no work auitable for (]:eiiaral use, tveaiing of nil these subjeota 
withitt tho limita of a duglo Tolume, oouhl be found ; conseqiieiitly the atten- 
tion they have rooeiTfld iias not been, at oil propoctionata to their importance. 
It 19 believed that a book containing eo mnch Talnable information "within bo 
nmall a compass, cannot fail to meet -with a ready sale among all intelligent 
persons, while Profeaaional men, Phyeioiana, Medical Students, Photi^apli- 
crs, Telegraphers, Engineers, and Artisans generally, mil find it specially 
Taluable, if not nearly indispensable, as a hook of reference. 

" We strongly recommend this able treatise to our readers as the first 
work ever pnblished on the subject free from perplexing technioHlities. In 
etylo it is pure, in description gcaphio, and its typographical appearance ii 
artistio. It is altogether a most excellent irort." — SldeeUo Medical Journal. 
" It treats fully of Photography, Tel^japhy, Btoam Engines, and tho 
Tariona applications of Electricity. In short, it La a carefully prepared 
volume, abreast with the latest scientific disoovejies and invcntiona." — Hart- 
ford Courard. 

Plympton's Blow-Pipe Analysis. 

13mo. Cloth, $1 50. 

THE BLOW-PIPE : A Guide to Its Use in the Detei'mination 

of Salts and Minerals. Compiled from various soitrees, by 

George W. Plthpton, C.E., A.M., Professor of Physical 

Science in the Polytechnic Institute, Brooklyn, N. Y. 

" This manual probably has no superior in the English language as a text- 
book for beginners, or as a, guide to tlie student working without a teacher. 
To the latter many illuatrationa of the utensib and apparatus reqaired in 
using the blow-pipe, as well as the fully illustrated description of the blow- 
pipe flame, will be tepeoially serviceable."— iVew Tor^T^al^^^•^^^y^^\^• 
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lire's Dictionary. 

Sixth Edition. 

London, 1873. 

3 vols. 8to. Olotli, $25.00. Half Eussia, $33.S0. 

DICTIONAEY OF ABTS, MANUFACTURES, AND MINES, 

By Andkeiv Uee, M.D. Sisith edition. Edited by TtouERi Hunt, 

F.E.S., greatly enlarged and rewritten. 



Brande and Cos's Dictionary, 

JVew Mdition. 

London, 1873. 

3 vols. 3to. aotli, $20.00. Half Morocco, $97.S0. 

A. Dictionary of Science, Literature, and Art. Edited hy W, T. 

BaiKBE and Rev. Gno. W, Cox. New and enlarged edition. 



Watt's Dictionary of Chemistry. 

Suppleinentary Volume. 

8vo. Qotli. $0.00. 

Tliis volnme liTiii^ tJio Record of Olieraioal Discovery down to the end of 
the year 18G9, including also eever.-d. additions to, and corrections of, foraier 
rosHlta wliioli have appeared in 1870 and J871. 

«^" Complete Seta of fJie "Work, New and EeTised, edition, including abovo 
supplement. vols. Svo. Cloth. $03.00. 



Kammeisberg's Chemical Analysis. 

8vo. Cloth. $3.35. 
GUIDE TO A COUESE OF QUANTITATIVE CHEMCAL 
ANALYSIS, ESPECIALLY OF MINEEAI-S AND FUR- 
NACE PEODUCTS. Illustrated ty Exampka. By C. F. 
liiMJiELSEEEo. Translated by J.'Towlek, M.D. 

This work haa been translated, and is ilow published expressly for thoso 
Btudenta in chemistry wtoao timo and other studies in colleges do not permit 
tliem to enter upon the laore elaborate and eipensive treatiaea of IFresaiiins 
and others. It ia the cocdcnsoJ. labor oi: a master in otemistrj- and ^ a prac- 
iioai analyst. o.u .\ ^ 
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Eliot and Storer's Qnalitative 
Chemical Analysis. 

l^ew MAiMoti, Mevisctl, 
13mo. Illustratecl. Clotli. S1.50, 

A COMPENDIOUS MANUAL OF QUALITATIVE CHEMI- 
CAL ANALYSIS. By Okaeles W. Eliot and FsaskH. Stoeib. 
Eevised witb. the Cooperation of tlie Authore, by Willia;!! Eir- 
Txx Nichols, Professor of Oliemisfiy in the Massachusetts Insti- 
tute of Technology. 

" This Manual has great meritB as a pcaotioal iatroduction to the acienoe 
and tlie art of which it treats. It contains enough of tlie theory and praotioo 
of qualitativo analyais, "in the wet way,'' to bring out all the reasonuig in- 
volved in the soienoo, and to present clearly to the student tiio moet approved 
methoda of tlie art. It is Bpedally adapted ior oseroiaea and experiments iu 
the laboratory ; and yet its classifications and manner of treatment are so 
systematic and logical throughout, as to adapt it iu a high degree to that 
liighec class of etudonts generally who desire an accurate Imowledgo of the 
practical methods of arriving at aeientifio facts." — JJutlm-an Obserzer. 

" We wish every academioul olaaa in. the land oould have the benefit of tho 
fifty eserciaea of two hours each necessary to master this book. Chemistry 
would cease to be a mere matter of memory, and become a pleasant experi- 
mental and intellectual reoreaiion. We heartily commend thia little volume 
to the notice of those teachers who believe in using tlie sciences as meanfl of 
mental discipline." — College ConraiU. 



Craig's Decimal System. 

Square 33mo. Limp. 00c. 

WEIGHTS AND MEASURES. An Account of the Decimal 
Syatem, with Tables of Oocversion for Commercial and Scientific 
Uses. By B. P. Ca,MC, M. D. 

' '■ The moat lucid, aoonrate, and naeful of all the hand-hooka on thia subject 
that we have yet seen. It gives forty-seven tables of compaiiaon Ijetween the 
English and French denominations of lengtli, area, capacity, weight, and tho 
Centigrade and ]?ahrenhoit thermometers, with cleai' instructions how to use 
them; and to this practical portion, which helps to make tho transition as 
oasy as possible, is prefls.etl a acientifio explanation, of tlie errors in the metrio 
system, and how tbny may be corrected in tlic labora|tpry."-tiV'?(i!^^|c 
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Nugent on Optics. 

:3mo. Cloth. $3.00 

TREATISE ON OPTICS ; or, Light and Sight, theorotioally and 
practically treated ; ivith the application to Eine Art and Indus- 
trial Puratiita. By E. Nuobnt. With one Iiundi'ed and three 
illustrations. 

" This boot ia of a praotioal rather tiian. a tlieoretioal kind, and is de- 
signed, to afford accacate and complete information, to all interested in appli- 
cationa of theaaienco." — Round Table. 



Barnard's Metric System. 

8vo. Brown olotli. $3.00. 

THE METEIO SYSTEM OP WEIGHTS AND MEASTJEES. 
An Address delivered before tlw Oonvooation o£ the University of 
the State of New York, at Albany, August, 1871. Ey Fkeubkiok 
A. P. liABNAim, President of Columbia College, Kew York City. 
Second edition from the Bevised edition printed for the Trustees 
of Columbia College. Tinted paper. 

" It is tlie beat aummaiy of the ai'gumeEta in favor of tie roetrio weights 
and measures with which we ara acc[uaiiit©ii, not only because it contains in 
Bmall Hpaoe .the leading facts of the case, but beoause it puts the adrocacy of 
that system on the only tanable grounds, namely, ths great convenience of a 
decimal notation of weight and measure as well as money, the value of intar- 
national uniformity in the matter, and tho fact that this metric ayatem is 
adopted ani iu general uaa by the majority of civilised nations." — Tlte Naiior-. 



The Yonng Mechanic. 

Illustrated. I3mo, Cloth. $1.75. 

THE YOHNG MECHANIC. Containing directions for the use 
of all kinds of tools, and for the construction of steam, engines 
and mechanical models, including the Art of Turning iu Wood 
and Metal. By the author of "The Lathe and its ITfies^'l ote. 
Erom the English edition, with corrections. '-'^ 
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Harrison's Mechanic's Tool-Book. 

ISmo. Ciotli. %UM. 
MECHAN"IC'8 TOOL BOOK, ivith proctieal rules and suggostiona, 

for ilte Tiee of Machiaiste, Iron "Workers, and ofliers. By W. B. 

IIakeisos, Associate Editor of the " Amerioau Artisan." lUustra- 

tod witli 44 engravings, 

" TMa work is specially adapted to meet tVie -wants at Machinists nnd work- 
ora in iron, generally. It ia made up of tlie work-day esperionco of an intelli- 
gent and ingenious meGhanic, who Jiad the faculty of adapting tools to various 
purposes. The praotioability of hia plane and su^estions are roade apparent 
even to the unpraotisad eye by a serieB of woll-e:ieouted wood engravings. "— 
Fhiladiiphia Jnqim-er. 

Pope's Modern Practice of the Elec- 
tric Telegraph. 

Eigiith Ei-litlon. 8vo, Cloth §3.00. 
A Hand-book for Eleetiicians and Operators. By Fhahk L. Pope. 

Soyenth edition. Eerised and enlarged, and fully illustrated, 
ExlToct from ZeUer of Prof. Morse. 

" I hava had time only cursorily to examine its contcnfa, but this examina- 
tion has resulted in great gcatiflcation, especially at the fairness and unpre- 
judiced tone of your whole worlt. 

" Your illttstrated diagrama ore admirable and beantifolly executed. 

" I think all your instruotionfl in the use of the telegraph apparatus judi- 
cioTia and correct, and I most cordially ■wisli you success. " 

Extract from Letter c^ Prof. G. W. J^ugh, of tJie Dudley Obsematarn. 

" There is no other -work of this kind in the English language that con- 
tains in BO small a compass so muoh practical information in the applioatiou 
of giilvajiio electricity to tel^raphy. It should be in the hands of every ojie 
interested in. telegraphy, or the use of Batteries for other purpoaea." 



Morse's Telegraphic Apparatus. 



EXAMINATION OF THE TELEGRAPHIC APPAEATTJS 
AND THE PEOOESSES IN TELEQAFHY. By^SAMnnfL F. 
B. MoKSB, LL.D,, United States Commissioner Paris LMvel'sal 
Exposition, 1867. 
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Sabine's History of the Telegraph. 

13mo. Cioth. §1.35. 

HI8T0ET AND PHOGEESS OF THE ELEOTItIO TELE- 
GEAPH, \7ith Descriptions of some of the Apparatus. By 
EoBERX SiBiNE, 0. E. Seconil edition, ivith. additions. 

Contents. — L Eai-iy Observations of Electrical Plianomeua, IL Tele- 
graphs by EViotioiial Electricity. HI. Telegrapha by Voltoio Eleotrioity. 
IV. Telegraphs by Eleotra-Magiietism imd Magneto-Elaotiicity. V. Tele- 
jjrapha now in use. TI. Overhead Lines. VII. Submarine Telegriipli Liaea. 
VIII. Underground Telegraphs, IX Atmosplierio Electricity. 



Haskins' G-alvanometer. 

pocket form. Illustrated, Morocco tucks. $3.00. 
THE GALVAlSrOMETBE, AND ITS USES; a Manual for 

Elecfcricians and Students. By 0. 11. Haskins. 

" We hope this excellent little work lyili meet with tlio sale its merits 
entitle it to. To every telegrapher who owns, or usea a Galvanometer, or 
ever expects to, it will be quite indispensable," — Tlie Tehgrapltm: 



CuUey's Hand-Book of Telegraphy. 

8vo. Cloth. $5.00. 

A HAND-BOOK OF TRACTICAL TELEGEAPIIY. By 

E. S. Cl'lley, Engineer to tlio Elecfci'ic and Internation.il 

TeJcgraph Company. Eifth edition, revised and enlarged. 



Foster's Submarine Blasting. 

itn. Cloth. $3.50. 

SDBMAEINE BLASTING in Boston Hai-bor, Massachusetts— 

Eenioval of Tower and Coi-win Eocks. By John G, Fosxeu, 

Lieutenant-Colonel of Engineers, and ErcTet Major- General, U. 

8. Army. Illustrated with seven plates. 

List of Plates. — 1. Sketch of the Narrows, Eoston Harbor. 3. 
Townaend's Submarine Drilling Machine, and Working Vessel attending. 
!i. Submarine Drilling Machine employed. 4. Details of Drilling Machine 
employed, 5. Cartridges aiid Tamping used. C. I''u603 and Insulated IVirea 
used. T. Pei'table Friction Battery used. t^Oi.>'^lc 
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Barnes' STibniarine V/'arfare. 

8vo. Cloth. $5.00, 

SUBMAEINE WAEFAEE, DEFENSIVE AND OFEENSITE. 
Cotnpi'iaitig a full and compiete History of the Invention of the 
Torpedo, its employment in War and lesulta of ita use. Do- 
scriptiona of the rarions forma of Torpedoes, Submarine Battoriea 
and Torpedo Boats actually used in War. Methods of Ignition 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experimeuts made to determine the Explosive Force of Gun- 
powder under Water. Also a discussion of the Offensive Torpedo 
eysfem, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By Lieut-Oommander Johm S. BAExrs, 
TJ, 8. N. With twenty lithc^aphio platea and many ivood-cuts. 

" A book impoi'tioit to mUiiary men, and especially so to enginaera tuid ei- 
tillcriats. If; oonsiats of an examinatioii cf tlie vaiiouB offensive anil defensivo 
OTigiiies that have been, contrived for submarine hostilities, including a discus- 
sion of the torpedo system, its effects upon iron-clad ship-ayateaia, and its 
probable influence upon future naval wars. Plates of a valuable character 
accompany the treatise, wliich affords a useful history of tlio momentoas Eub- 
i ect it diaeuases. A great deal of useful information is collected in its pages, 
espacially oonoeming the inventions of SCHOii. and Vbkdu, and of Jones' 
and Hunt's batteries, as well as of other similar machines, and tlio use in 
submarine operations of ^mi-cotton and nitro-glycorinc." — Jf. Y. Times, 



Raixdall's Quartz Operator's Hanci- 
Book. 

13mo. (Jloth. ^3.00. 

QUARTZ OPESATOR'S HAND-BOOK. By P. M. EiNDAi.L. 
Now edition, revised and enlarged. Fully illustrated. 

The object of tliis work lias been to present a oloar and compifhensiie et- 
position of mineral veins, and tho means and modes chicflj employed for tlie 
mining- and ivorkiiig of their ores — more eiipcoially those fontainm.,- gold and 



o.;l. 
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Mitohell's Manual of Assaying. 

8vo. Cloth. $10.00. 

A MANUAL 01^ PIIACTICAI, ASSATING. By Jokjv Mimhei.i.. 
Third edition. Edited by "William Ckooxes, F.E.S. 

In this edition are inoorporatecl flU the Jfite important disooverioa in Aaaay- 
ing- raswle in this counta-y and abroad, aiicl special eace is devotad to the very 
important Voinmeti'io and Colorimetrio Assays, as well lis to the Blow-Pipe 

Assays. 

Benet's Chronoscope. 

Second £:<Utioii, 

IlluBtrateil. 4to. Clotli. $3.00. 

ELECTEO-BALLISTIO MACHINES, and the Schultz OKroiw- 
scope. By Lien tenant- Colonel S. T. Benei, Captain of Ordaanoo, 
XT. S. Army. 

Contents.— 1. Ballistio Pendulum. 3. Gun Pe-ndnlmn. S. tlso of Eloc- 
tcioity. 4. Wavez' Maohina. B. Vignotti'sHachine, with. Plates. 6. Benton's 
Electro-Ballistic Pendninia, with Plates, "i. Leur's Tro-Pendnlum Maoiiine 
8. Sclmltz'B Chronoacope, iritlL two Plates. 



Michaelis' Olironograpli. 

Iki. lUnatratad. Cloth. $3.00. 

THE LE BOtTLEISfG^ GHEONOGEAPH. With throo litho- 
graphed folding plates of illnatrationa. By Breyet Captain O E. 
MiCHAEiJs, First Lieutenant Ordnance Corps, TJ. S. Army. 

" The esrallent monograph, of Captain Michaelia ent^srs minutely into tha 
details of oonatruotion and management, and gives tables of the tlmrai of fiig'ht 
oaloulatoi upon a given fall of the chronometer for all distances. Oaptain 
Michaelis has done good eervioe in presenting this work to his brother officers, 
describing;, as it does, an instmment which bids fair to he in «oiutant use in 
our future balliatio e.tpeiinienta,''— -i^vrej' and Navy Jctora^e^iOO^IC 
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Silversmith's Hand-Book. 

l^ourth Mdttlon. 
lUustraied. 12uio. ClotK $3.00, 
A PKACTIOAL HAND-BOOE FOR MIWEES, KotaJliu-gists, 
and Aaaayers, comprising tho most recent impi-ovements in tho 
disintegration, amalgamation, smelting, and parting of tho 
Precious Ores, with a Comprehensive Digest of the Mining 
Laws. Gbeatly augmented, revised, and corrected. Ey Jitliits 
SiLTBBsaiTH. Fourth edition. Profusely illustrated. 1 vol. 
12mo. Cloth. $3.00. 

Ono of tlio moHt important featnres of tMa livork ia that ia whioli tho 
moiaUorgy of the preoioua metals ia treated of. In. it the author lias endeair- 
orcd to embody fdl the procesaes for the roduotion and manipulation of the 
precious ores hoTBtoforo Bucoessfully employed in Gtermany, England, Meiioo, 
and the United States, together with suoh as liave been more recently invented, 
iind not yet fully tested — all of which are profusely illustrated and easy of 
comprehension. 

Simms' Leyelllng. 

8vo. Cloth. §2.S0. 

A TREATISE ON" THE PRINCIPLES AND PRACTICE OF 
LEVELLING!-, showing its application to purpoaea of Railway 
Engineering and the Construction of Roads, &c. Ey Fubbeeick 
"W. SiMMs, 0, E. ' From the fifth London edition, revised and 
corrected, with tho addition of Mr. Law's Practical Examples for 
Setting Out Railway Curves. Illustrated with throe hthograpliic 
plates and numeroua wood-cuts. 

" One of the most important teit-boolta foe tho general surveyor, and thora 
13 scarcely a question connected with levelling for which a solution would bo 
sought, but that would be satisfaotorily answered by consulting this volume." 
—Mining Journal. 

" The text-book on levelling in most of our engineering' schools and col- 

"Tho publishers have rendered a substantial servica to tho profession, 
especially to the younger members, by bringing out the present edition of 
Mr. Simms' naofiil work."' — Engineermg. 
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Stuart's Successful Engineer. 

ISnio. Boards. 50 cents. 

HOW TO BECOME A SUCCESSFUL ENGISEEE: B 

Hints to Yontha intendiug to swiopt the Profession. 

JSeknard Stttakt, Eiigiiieer. Sixth Edition. 

" A valuable little liook of snuiid, sensible ndvice to young' mnn 

wish, to rise in the most import-ant of the professions," — Sdenlific Amet 



Stuart's Naval Dry Docks. 

Twenty-four ongraTings on steeL 

Fourth Edition. 

4to. Cloth. $6.00. 

THE NAVAL. DEY DOCKS OF THE UNITED STATES. 
By CuaiiLES B. Sxuakt. Engineei- iu Chief of the United Statea 
Navy. 

List of Jlluatratione. 

Pumping Engine and Patnpa — Plan of Dry Dook And Pnmp-'Well— Sec- 
tions of Dry Dock— Engine House— Iron Floating Gate— Details of Floating 
Gate— Iron Turning Gate — Plan of Turning Giate~ Culvert Giate— Filling 
Culvert Gates— Engine Bed — Plate, Pumps, and OulTert — Engine Houao 
Roof— Floating Sectional Dook—Dotailfi of Section, and Plan of Turn-Ta,blBs 
- — Plan of Basin ani! MaHiie Hail-ways— Plan of Sliding Frame, and Elevation 
of Pnmps — Hydraulio Cj'linder — Plan of Gearing: for piimpa and End Floata 
— Perspective Tiew of Dock. Basin, and Railway — Plan of Basin of Ports- 
mouth Dry Doet^Floating Balance Dock — Elevation of Trasaea and the Ma- 
cliinery— Perspective View- of Balance Di'y Dock 



Free Hand Drawing. 

I'rofasoly Illustrated. ISmo. Boards. 00 cents. 

A GUIDE TO OENAMENTAL, Figure, and Landscape Dra^^ 
ing. By an Art Student. 

CoHTENTS.-— Materials employed iu Drawing, and how to nao them — On 
Lines and Iiow to Draw them^Ou Shading — ConcHming lines and shading, 
with applications of them to simple elementary snbjectB — Sketsies from "Ksr- 
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Miniiie's Mechanical Drawing. 

Eighth JSdition. 

Royal 8vo. Cloth. $4.00. 
A TEXT-liOOE OF GBOMETEICAL DEAWING for the use 
of Mechanics and Schools, in which tho Deflnitiona aad liuW of 
Oeomotiy are familiarly explained ; the Practical Problems aro 
iiiTanged, from the moat simple to the more complex, and in their 
description teohniealitiea are avoided as much aa possible. AVith 
jllnatrations for Drawing Plana, Sections, aad Elevations of 
Buildings and Macliineiy ; an Introduction to laometrical Draw- 
ing, and an Essay on Lineai- Perspective and Shadowa. Illus- 
trated with over 200 diagrams engraved on stool. By Wm, 
MiKrFiE, Arehiteet. Eighth Edition. "With on Appendix on the 
Theory and Application of Colors. 

" It is tho best work on. JDrawinff that wo hnTQ over aoen, anil is especiially a. 
toxt-book of Geometrical Drawing for tlie use of Mecbanica and Schools. No 
young Mechanic, such, as a Macbinisl^ Engiuoer, Cabinet-ilaier, Millwright, 
or Oarpenter, should bo witbont it." — Scientijic American. 

" One of tho most oomprebensive works of tbo Idnd over published, and can- 
not but possess great value to builders. The etyle is at onoe elegant and sub- 
Btantial."— Pen.«^iMnw Jngv,irm: 

" Whatever ia said is rendered perfectly intelligible by remarkably well- 
osGOuted diagrajnB on steel, leaving nothing for mere vague supposition; and 
the addition of an introduction to iaometrical drawing, linear perspeotivo, and 
the projection of shadows, ■windiug up with a useful index to teclmicEil terms." 
— Glasgow Meclumia' Journal. 

E^" The British Government has authorized tlio use of tlijs book in their 
schools of art at Somerset House, London, and throughout thu kingdom. 



Minifie's Geometrical Drawing. 

New Edition. Enlarged. 

13mo. Cloth. $3.00. 
GEOMETEICAL DEAWING. Abridged from the octavo edition, 

for the use of Schools. Illustrated with 48 steel plates. New 

edition, enlarged. 

'■It is well adapted as a teit-boojc of drawing to be used in onr High Schools 
and Academies where this useful branch of the fine arts has been hitl^erto too 
much, negleotad." — Boston JowaaL ' ' 0^ 
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Bell on Iron Smelting. 

SvQ. Cloth. 5(8.00. 
CHEMICAL PHENOMENA OF IRON SMELTING. An ex- 
perimental and practical examination of the cireuni stances which 
tietermino the capstcity of the Blast Eurna<!e, the Temperature 
of the Air, and the Proper Condition of the Materials to l>o 
operated upon. By 1. Lowthi.ui Bull. 



3 wMoh take place in every foot of the blaBt^-famaoB liavo 
"been inveatigated, and the Jiaiare of every step in the prooeas, from the intro- 
duction of the raw material into tlio furnace to the production of the pig iron, 
haa heen carefully nscortained, and recorded so fully that any one in tbo trade 
can readily avail themselvea of the knowledge acquired ; and we have no hes- 
itation in. saying that the judiciouH application of such knowledge will do 
much to facilitate the introdnotion of arrangementa Trhich will still further 
economize fuel, and at the Bam e time permit of the quality of the resulting 
metal being maintained, if not improved. The volume ia one which no prac- 
tical pig iron manufacturer oan afford to ha without if ho be desirous of en- 
tering upon that competition which nowadays is oasontial to progress, and 
in issuing eueh a work Mr. Bell has entitled himself to the best tlianka of 
every memlier of the trade." — Lortdon Mining Joui'-nul. 



King's Notes on Steam. 

Thirteenth Bdition. 

8vo. Clotli. S3.00. 

LESSONS AND PHACTICAL NOTES ON STEAM, the Steam- 
Engino, Propellers, &c., &c., for Young Engineers, Students, and 
others. By the late W. E. KiKCf, U. S. N. lievieed by Chief- 
Engineer J. W. KiHG, U. S. Navy. 



" This ia one of the beat, because eminently plain and practical t 
the Steam Engine over published. ' — Philadelphia Fress. 

This ia the thirteenth edition of a valuable "work of the late W. H. King, 
U. 8. N. It contains lessons and practical notes on St«am and the Steam En- 
gine, Propellers, eto. It ia caiculatsd to bo of great uae to young marine en- 
gineers, students, and others. The text is illustrated and eiplained hy nu- 
merous diagrams and representations of macMnery. — Bosfoji DaH;/ Adver- 

Tost-book !it the U. S. Naval Academy, Annapolis. CiO^WIC 



23 BGIEN'TIFIG JiOOKU I'VULISIIBD BY 

Burgh's Modern Marine Engineering. 

One fiio'-i 4to vol. Clotli. §35.00. Half morocco. $30.00. 

MODEEIN MARINE ENQINEEEIKG-, appUed to Paddle and 
Surew Propulsion. Consisting of SG Colored Plates, 259 Practical 
Wood-cut lOustratioQa, and 403 pages of Deseri ptivo Matter, tin; 
wholo being an exposition of the proaenfc practice of tlic follo';v- 
ingfii-mar Messrs.. J. Penn & Sona; Messrs. Maudslay, Sons C: 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Pennio ; 
Messrs. P. Napier & Sons ; Messrs. J. & W. Pndgeon ; Messrs. 
Eavenhili & Hodgson ; Messrs. HmnpLreya & Tenant ; Mr. 
J T Rpencei anl Mes-ors Poirt tw & Co Pj N P Puicn 



PairrnFU Oo^T^^'T1 — Ceneral Amngeraents ot Engines, 11 esamjlc 
— General Aiiang m nt of Boilers 14 oximpl s — Geaoril Arrangemfni ot 
'^aperLp iters, 11 esamplos — Dot ils of Oacillating Paddle Engines B4 c 
implog — Conden'tera for Si,rew Engic i both Tnjectioa anl Surface 20 c 
imploa— DefcailB of Scieiv Engines, 30 pxamples — Cylin.lei^ inl Details of 
■idow Engines ~1 eximples — Slide Valves aid Details 7 oaomples — 21ilo 
■Valie LmL Motion 1 examples — Expansion halves nnl Gear 10 o ai. 
pi 3 — Details m Gcnenl, 30 examples— Screw Proprllc and Fittings 13 :■ 
iimples Engine and Boiler Eittinga, 28 examples - In relation to the Princi- 
ples of the Marine Engine and Boiler, 33 esaraplei. 

Nbtioes of (he I'rcss. 

" Every conccivahla detail of the Marine Engine under all ita various 
forms, ia profusely, and we mnst add, admirably illnatrated by a mnltitudo 
of engravings, selected from the best and most modem practice of the first 
Marino Engineers of the day. Tha chapter on Oondensera is peculiarly valu- 
able. In one word, tliere is no other work in existenco which will hc^r a 
moment's comparison with it OS an exponent of tha still, talent and practical 
experience to which ia due the splendid reputation eujoi ed by many British 
Marino Engineers."— .Enifmeer. 

" This very comprehensive work, which was issued in Hontldy parts, has 
just been completed. It contMiia large and full driwmgs and copious do- 
Ecriptions of moat of the best examples of Midem. Mirmo Engines, and it 13 
a complete theoretical and practical treatise 01 the subject of Marine Engi- 
neering."— J.mej'iiJara Ariisan. 

Thia is the only edition of thn above work with the heautifnlly eolorsd 
jjLites, and it is out of print in England, C lOOOlC 



.7), ^'A:y' ^"ui^T-I:A^''J}. 29 

Bourne's Treatise on the Steam En- 
gine. 

Ninth Edltiou. 
Illustrated. 4to. Clot!i. §1C.OO. 
TEEATISE ON THE STEA3I EKGINE iu its yanous appHca. 
ttoiia to Mines Miils Steam Navigation Itailwayi and Agiicul. 
iure, tTitli tlio iheoi ti al investigations lespectig the Motivo 
Power of Heat and t'le proj er Pio} ort ojs of fetoam Engines, 
^lillaborats Tables of tlio ii_,ht d mcnsioiis of oveiy pait ond 
Praotical Inatructionb f r the Manufacture ind Minagument of 
every species ofEn_,inoin actual use By Joht Eoit»\b, being 
tlio ninth edition of A Treatise on tJio StCT a Lngme by 
tiie "Ai-tisan Qub lUiistrated 1 y thutj eight pKtas and iiM) 
hundred and furty-eis ■wood-cuts. 

As TJJ-. Bourne's ivork has tie groat marii; of avoiding unsound and Immii- 
iura views, it may safely be consulted "by all wlio aro really desirona of ao- 
qairing' trastworthy infonnaiion on the subject of whioli it treata. Daring: 
1,lio twenty-two yeara ■wliich have .elapsed from the issue ef the iirst edition, 
tie improvements introduced in tho construction of lilio steam, engine have 
been botll numerous and mportani, and of ttose Mr. Boucno b as taken oaro 
to point out the more prominent, and to furnish tio reader with such infor- 
mation na shall enable him readily to judge of their relative value. This edi- 
tion lias been (horoug'hly modernized, and loado io tiooord with the opinions 
!tnd practice of the more isuocessful eng-ineera of tho present day. All that 
tba book professes to give is given with ability and evident care. The soieu- , 
tifle principles which are permanent are admirably explained, and reference 
is made io many of the more valuable of the recently introduced engines. To 
Qspreas an opinion of tho value and utility of 8uoh a. -work oa The Ai-tisaa 
Citib's TreaUss on Sie Steam Engme, which has passed through eight editions 
a.iready, would bo Kuperftnons; but it may be safely stated that the irork is 
worthy tho attantivo study of all either engaged in the manufacture of steam 
engines or intorostod in euDuomizing the use of &tewa..~~-Miiing Journal. 



Isher-wood's Engineering Precedents. 

Two Vols, in One, 8vo. Cloth. OS.nO. 

ENCHNEEEING PEEOEDEKTS FOE STEAM MACHINERY. 

Arranged in the most practical aad useful manner for Engineer.^. 

By B, E. IsHBKTvooB, Civil Engineer, U. S. Navy.r-WjJj^iiUua- 



i'.o saiEN'TiFic r.ooKs puJii.jsjiEJj in' 
Ward'a Steam for the Million. 

Svo. Cloth, Gl.OO. 

STEAM FOE THE MIIilOR'. A Popular Treatise on Steam 
and ita Application to the tTsefuI Arts, especially to Naviga- 
tion. By X H. Wakd, Commandnr U. S. Navy. New and re- 
vised edition. 

A most exoelleiit work for the yonng engineer oud general reader. Mmiy 
fant-s relating to the management of the boiler and engine are set fortli ivitli a 
nimplioity of lai^uago and perfection of detail tlio.t liriiig the eubjeoi homo 
to the reader. — Americun, Engines; 



Walker's Screw Propulsion. 



NOTES ON SCREW PROPULSION, its Ei^e and History. T.y 
Oapt. W. H. WiLKEE, U. S. Navy. 

Commander Wallcer'a book contains an immense anioniit of concise prauti- 
cal data, and every item of information recorded fully proves that the various 
points bearing upon it have been, wall couaidcrod previously to expreiaiug aa 
opinion. — Lundon Mining JmirnaL 



Page's Earth's Crtist. 



THE EARTH'S OEUST : a Handy Outline of Geology. By 
D.^viD Page. 

" Suck a work as this waa much wanted — a work giving ia clear and intel- 
ligible outline the leading facta of the Bcience, without amplification or ii'k- 
Home details. It is admirable in arrangement, and clear and easy, and, at tha 
same time, foroible in style. It will lead, -we hope, to the introduction of 
Geology into many schools that havo ueitter time nor room for the study ol 
largo treatisefl." — T]i^ Kuaeum. 
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Hogera' Geology of Pennsylvania. 

3 Tols. 4to, with Portfolio of Maps, Clotli. $30.00. 
THE GEOLOGY OF PENNSYLVANIA. A Government Sur- 
vey, With a general view o£ the Geology of tl^e United States, 
ilsaays ob the Coal formation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
iIenct Diitwiw EoGBus, Lato State Geologist of Pennsylvania. 
Splendidly illustratad with Plafe.^ and Engravings in the Text. 

It certainly shotild be in every public library Ilirougliout tbe o^antry, and 
likewise ill the possession of all students of Geology. After, the final solo of 
these copies, the work will, of eoursc, become more valuable. 

The work for the last five yatirs has been entirely out of tho market, but a 
few copioa that remained in the lianda of Prof. Rogers, in Scotland, at the 
time of his death, are now offered to the public, at a price whioh is even 
l>elow what it was originally sold fnv when first published. 



MorSt on Pure Fertilizers. 

With 38 Illnstrati™ Plntos. 8vo. Cloth. $20.00. 

A PEACTICAL TBEATISE ON PTIBE FEKTnJZEES, and 
the Chemical Conversion of Bock Gnanos, Maslstones, Coprolites, 
and the Grade Pliosphataa of Lime and Alumina Generally, into 
various Taluable Products. By Campbell Mokfii, M.D., F.C.S, 



Sweet's Keport on Coal. 

Svo. Cloth. $3.00. 
SPECIAL EEPOET ON COAL ; showing its Distribution, Classi- 
fication, and Cost delivered over different routes to various points 
in the State of New York, and the principal cities on tho Atlantic 
Coast. By 8. H. Sweet. With maps. 



Colbtim's Gas "Works of London, 



BoEirda. (>0 oen 



GAS WOPKS 01' LONDON. Bv ^iKit.in Cotiitrax.,^ , 
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The Useful Metals and tlieir Alloys ; 
Scoffren, Truran, and others. 

Fifth Edition. 
8vo. Halt calf. $3,7.1. 
THE tJSEPUL METAXS AND THEIE, ALLOYS, including 
JIINING YENTILATION, MINING JURISPRUDENCE 
AND METAJ^LUEGIO CHEMISTRY employed in the conver- 
sion g£ IKON, COPPER, TIN, ZINC, ANTIMONY, AND 
LEAD GEES, with their applications to THE INDUSTRIAL 
AJiTS. By John ScoppjiBN, WiLtrAM Tkueai,-, William Clay, 
Bonnai OxtiNB, William Faikbairs, W. 0. Aiieik, and Wil- 
liam TosB Pickett. 



Collins' Useful Alloys. 

ISroo. Flexible. 75 oenta. 
THE PRIVATE BOOK OP USEFUL ALLOY-5 d M n - 
landa for Goldsmitlis, Jewellers, etc. By Jame E C 

This littlo boot is compiled from notaa mada by the A th fr m the 
papers of one of tte larg^t and moat Qminent Manufactur n^ Gioldsmitli and 
Jewellera in this country, and es the firm is now no longer in. isten ud the 
Author is at present engaged in some other nndertakinff, h n w ff t the 
public the honefit of his eiperienoe, and in so doing he begs to state that all 
the alloya, eto., given in these pageB may be confidently relied on aa being 
thoTOughly praoidcabla. 

The Memoranda and Eeceipts throughont this book are also compiled 
from practice, and will no doubt bo found useful to the practical jeweller. 
SMrley, July, 1871. 

Joynsons Metals Used in Construction. 

13mo. Cloth. 75 tonta. 

THE METALS USED IN CONSTRUCTION: Iron, Steel, 
Bessemer Metal, etc, etc, By Fhahcis Hekbekt JoYNSoir. Il- 
lustrated. 

" In the interests of practical soienoe, we are bound to notice .this work ; 
and to those who wish further information, wc should say, buy it 1 and the 
outlay, we honestly believe, will be conaiderod woU spent." — ff^Uiitfic 
Jtmima. 
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Holley's Ordnance and Armor. 

49it Engravings. HaU Boan, $10.00. Half Euaaia, $13.00. 

A TEEATISE ON OEDNANCE AND AEMOE— Embracing 
DeBcriptions, Diseussiona, and. Professional Opinions concerning 
the MiTiaii.vL, FAEEiciiiotr, Eequirementa, Capabilities, and En- 
durance of European and American Guns, for Navn!, Sea Coasf^ 
and Iron-clad Wai-fare, and tbdr EisLnro, Peojeciii.es, .and 
Beeech-Loaeikg ; also, Eeaults of Experiments against Armor, 
fl.-om Official Records, ■with an Appendix referring to Gun-Cotton, 
Hooped Guns, etc., etc. By Albsasber L. Hoilex, B. P. 9-18 
pages, 493 Engravings, and 147 Tables of Eosults, etc. 

Contents. 
Chapteb I. — Standard G-ims and their Fabrication Described; Section 1. 
Hooped Guna ;■ Section 3. Solid Wrought Iron Guns ; Section. S. Solid Steel 
Guns; Sectiim 4. Cast-iron Gnna. Chapter II— The Eequirements of Guns, 
Armor; Section 1. Tlie "Work to be done ; Section 3. Heavy Sbot at Low Ve- 
locities! Sections. SmallShot at High Velocitiea; Snction 4, The two Sys- 
tems Combined; Section B. Breaohing Masonry. Chapter III. — The Strains 
and Structure of Guna: Section 1. Itesiatance to Elastic Preasnrc; Section 3. 
The Effects of Vibration; Section 3. The Effects of Heat CiUPTKR IV.— 
Cannon Metals and Processes of Fabrication; Section. 1. Elasticity and Dnotil- 
ity; Section 3. Cost-Iron; Section 3. Wrought Iron; Section 4. Steel; Sec- 
tion 5. Bronze; Section 6. Other Alloys. Chapter V. — Eifling andPiojeo- 
tilea ; Standard Forma and Practice Described ; Early Eiperimenta ; The 
Centring: System; The Compressing System ; The Expansion SyHtem ; Armor 
Punching Projectiles; Shells for Molten Metal ; Competitive Trial of Eifled 
Guns, 1803; Duty of Rifled Guns; General Uses, Accuracy, Eango, Velocity, 
Strain, Liability of Projectile to Injury ; Firing Spherical Shot from Eifled 
Guns; Malarial for Armor-Punching Projectiles; Shape of Armor-Punchiiiy 
Projectiles; Capacity and Destructiveneas of Shells; Elongated Shot from 
Smooth Bores; Conclusions; Velocity of Projeotiles (Table). Chapter VI.— 
Breech-Loading Advantages , and Defects of the System ; Eapid Firing p.nd 
Cooling Guns by Machinery; Standard Breeoh-Loadera Described. Part Sec- 
ond : Experiments against Armor; Account of Experiments from Official 
Records in Chronological Order. APPawDlx. — Report on the Application of 
Guu-Cotton to "Warlike Purposes — British Association, 1803; Manafactuie and 
Experiments in England ; Guns Hooped with Initial Tension — History; How- 
Guns Burst, by "Wiald, Lyman's Accelerating Gun; Endiiranoo of Parrott 
and Whitwortb. Guns at Charleston ; Hooping old United Btatea Caat-Iron 
Guns; Endurance and Aooucacy of the Armstrong GOO-pounder; Competitive 
Triala with 7-incu Guua. 
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Peirce's Analytic Mechanics. 

4to. CloOi. $10.01). 

BYSTEM 01? ANALYTIO StECHANIOS. Physical and Celestial 
Meohanics. By BiiNJAMiw Peikcb, Perkins Professor of Astroaomy 
and Mathematics in Harvard Univorsitf, and Consulting As- 
tronomer of tlie American Ephemeria and Nautical Almanac. 
Developed in four systems of Analytic Mechanics, Celestial 
iviochanios, Poteatial Physics, and Analytic Morphology. 

" I have re-exnmined tlie memoirs of the great geometera, and Iists striven 
to Dousolidnte tUeir latest researclies find tlioir mosfi exEilted forma of thougHt 
ft consiatent and uniform treatise. If I hiive hereby Bucceedad in open- 
to tliB students of iBy country a readier ncoeaa to these clioioe jeweia of 
ntelleot ; if their iDrilliancy is not impaired in this attempt to reset them ; if, 
1 their own oonstehation, they illuatrate each other, and concentrate 
Htronger light upon the names of their disoOTerers , and, still more, if any 
em which I may have presumed to add is not wholly Instreleaa in the collco- 
on, I shall feel tliat my -work hag not been in vaiii."~Jf«ir«i>; from ths Pre- 
face. 

Burt's Key to Solar Oompass. 

Second ISditifm,. 

Pocket Book Eorm. Tuck. §2,50. 

KEY TO THE SOLAE. OOMPASS, and Surveyor'a Companion ; 
comprising all the liules necessary for use in. the field ; also, 
Description of the Linear Surveys and Public Land System of 
the United States, Notes on the Barometer, Suggestions for an 
outfit for a Survey of four months, etc., etc., etc. By W. A. 
Bdkt, D". 8. Deputy Surveyor. Second edition. 



Ghauvenet's Lunar Distances. 



NEW METHOD OP COREECTING LUNAR DISTANCES, 
and Improved Method of Finding the Error and Eate of a Chro- 
nometer, by equal altitudes. By Wm. Chauveket, (Tf^ J^.Xhan- 
cellor of "Washington University of St. Louis, ■- 
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Jeffers' Nautical Surveying. 



HAUTIOAL SUBYEYING. By WimiM N. Jeefeks, Captain 
U. S. Navy. 

Maiij- books litivc baen written on eanh of the aubjcots treated o£ in tlia 
sixteen eliapttra of this work; iind, to obtain ii complete Itnowledge of 
Ifoodetic surveying requires a profound study of tliB whole range of mathe- 
matioal imd physieal sciences; but ii year of preparation should render any 
intelligent officer competent to oonduot a nautical anrrey. 

CONTKNTS.— Chapter I. I'ormuUe and CoiiBianta Useful in Surreying 
II. Distinctive Charactor of Sutvoys. IIL Hydrographic Surveying under 
Sail; DC, Enuning Survey. IV. Hydrt^'aphio Surveying oE Boats ; or. Har- 
bor Survey. V. Tidea— Definition of Tidal Phenomena — Tidal Observations, 
VI. Measurement of Bases— Appropriate and Direct. Vli. Measurement of 
the Ang-loa of Triangles— Azimuths— Ajstconomical Bearings. VIII, Corteo- 
tiona to be Applied to the Obaorved Angles. IS. Levelling — Diffareooeof 
Level. X. Computation o( the Sides of the THaogulation— The Three-point 
Problem. XI. Determination of the GEeodetie Latitudes. Longitudes, and 
Aaimutha, of Points of a Triangalation. XII. Summary of Subjects treated 
of in preooding Chapters — Examples of Computation by various Formohe. 
XUL Projection of Charts and Plana. XIV. Asitronomioal Determination ot 
Latitude and Longitude, XV,- MagTietic Observationa. XVI. Deep Sea 
Soundings. XVIL Tables for Aacertiiining Diatanoes at Sea, and a full 



Plate I. Diagram Illustrative of the Triangulation. II. Speoimen Pa^e 
of Field Book. III. Running Sm^ey of e, Coast. IV. Example of a Kunning 
Survey from Belcher. V. Kying Survey of an Island, VL Survey of a 
Shoal. VII. Boat Survey of a River. Vni, Three-Point IVoblam. IX. 
Triangulation. 



Ooffin's Navigation. 

Fifth JMltion. 

13mo. Clotli. ^;i.!JO. 

NAYIGATIOK AND NAUTICAL ASTRONOMY. Prepared 

for the -am of the IT. B. Naval Acadomy. By J. H. 0. Copfih, 

Prof, of Astronomy, Navigation and Surveying, jwith-^^^svood- 

i!ut illustrations. *- 
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Clark's Theoretical Navigation. 

Svo. Cloth. , $3.00. 

tHEOEETIOAL NAVIGATION AND NAUTICAL ASTKON- 
OMTT. By Lewis Cl.uiic, Lieut. -Ctonimandej', TJ. S. Navy. 11- 
lustratod with, 41 Wood-cuta, including tlie Ternier. 

Prepured for Uso at 1:lie Ii". S. Naml Academy, 



The Plane Table. 

Eluatrated. 8to. Cloth. $3 . 00. 

[TS USES IN TOPOGRAPHICAL SUKVEYING. From' tSie 
Pfipera of the U. S, Coast Survey. 

This work givoa a desei'iptioii of tlie Plane Table employed at the U. S. 
Coast Survey OSoe, and the manner of naing- it. 



Pook on Shipbuilding. 

8™. Cloth. $5.00. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
cluding a Chapter on Laying off on the MouJd-Ljft Floor. By 
Samuel M. I^ook, Naval Consii-uctor, 1 vol., Svo. With illus- 
ti-ations. Olotli. 85-00. 



Brunnow's Spherical Astronomy. 

8vo. Cloth. §6.50. 

SPHERICAL ASTRONOMY. By F. BamjNOW, Ph. Br. Trans, 
lated by tho Author from the Second German edition. ' l^ 
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Van Biaren's Fornmlas. 

8to. Cloih. $3.00. 
INVESTIGATIONS OF POEMULAS, for the Sti-ength of the 

Iron Parts of Steam Machinery. By J". D. Y.irr Buken, Jr., 0. E. 

Illustrated. 

This is an aiialytioal discusaion at tlic formulie employed by meGhacicFil 
engineers in deterouning: the rupturing: or crippling pressure in the ditforent 
pailB of a. maohino. Tlie formulte are founded npon the principle, tliat tlio 
different parts of a machine should be equally strong, and are developed in 
reference to the ultimate strengfth of the material in order to loavo the choins 
of a factor of safety to the judgment of the designer. -^SiMimcai's Journal. 



Joynson on Machine Gearing. 

Svo. Clotli. $2.00. 
THE MECHANIC'S AND STUDENT'S GUIDE i.i tbo Design- 
ing and Construction of General Maoliine Gearing, as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Eectilineal 
and Curved Surfaces ; with Practical Rules and Details. Edited 
by Francis Heebbrt Jotbson. Illustrated with 18 folded 

" The aim of tiis work is to he a guide ti meiJiani h m the dcaignmg and 
construction of general machine-gearing Tl 13 ilpsii,n t well fulfils Ijemg 
plainly and sensibly writtou, and profustlj illustrated — '•mull / Tiiiieb 



Barnard's Report, Paris Exposition, 
1867. 

Illustrated. Svo. Cloth. $5.00, 

BBPOET ON MACHINERY AND PROCESSES ON THE 
INDUSTRIAL ARTS AND APP^\RATUS OF THE EXACT 
SCIENCES. By F. A. P. Babsabd, LL.D.— Paris Universal 
Exposition, 1867. 

" We have in this volnine the results of Dr. Barnard's study of the Paria 
Exposition of 1867, in the form of an official Report of the Government. It 
is the most exhaustive treatise upon modem inventions that hiia appeared 
since the Universal Exhibition of 1851, aud we doubt if anythiog-eauaLfei, it 
has appeared this ceoiMxy. "—Jtiurnnl Aj^kd Chemistry. ' c'^ 
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Engineering Facts and Figures. 

IHmo. Cloth. $3.50 per Voiuroe. 

AN ANNUAL EEGISTEE OF PEOGEESS IN 5IE0HAN1- 
OAL ENGINEEEING AN1> CONSTEUOTION, foi- the Years 
I863-C4-65-66-67-68. Fully illustrated. G volumea. 
Eaoh Yolnnie sold Keparately. 



Beckwith's Pottery. 

8yo. Paper. 60 eenta. 

OBSEEVATIONS ON THE MATEEIALS and Maniifactui-e of 
Terra-Cotta, Stone- Ware, FirB-Brick, Porcelain and Encaustic 
Tiles, with Eemarks on tho Products exhibited at the London 
Interaatioual Exhibition, 1871. Bj' Abthijk Beckwith:, Civil 
Engineer. 

" Everything' 13 iiotjoeil in tMs book -wHoliconiea under the head of Pot- 
tery, from fine porcelain to ordinary briok, and naido from the interest which 
^ill tako in aueli manufactures, the work ivill be of conaiderablo ralue to 
followers of the cecamio ar 



Dodd's Dictionary of Manufactures, etc. 

IM.i..,. (Ji>,th. $3,00. 

UICTIONAEY OF MANUFAOTUBBS, MINING, MACHIN- 
EEY, AND THE INDU8TEIAL AET8. By Geokge DanD. 
This worit, a BmaH book on a great stibject, treata, in alphabetical ar- 
rangement, of those numerous matters Trhioh come generally within the range 
of mmiufactui'Ba and the productive arts. Tho raw materials — animal, vege- 
table, and mineral — ■whenw tho maiiufactnred products ace derived, ace suc- 
cinctly noticed in connection ■with the pcocessea ivhich they undergo, but not 
lis subjects of natural history. The operations of the Mine and the Mill, the 
Foundry and the Forge, the Factory and the "Workshop, are passed under re- 
view. The principal machines and engines, tools and apparatus, concerned in 
manufacturing processes, are briefly described. The scale ou which our chief 
branches of national industry are conducted, in regard to values and ouantitiea, 
ii indicated iii various ways. *-. i Oi. >^^ 1 1, 
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Stuai^t's Oivil and Military iilngineer- 
ing of America. 

8vo. Illustrated. Cltrth. So. 00. 

THE CIVIL AJVD MH^TAEY ENGINEEES OF AMEEICA. 
By General -Oh A BLKS B.' Stdakt, Author of " Naval Dry Doclo 
of the Unitod States," etc., etc. Embellishetl with nine finely 
executed ^wrtraits on steel of eminent enyiiueers, and illustrated 
by engravings of eomo of the most important and original works 
constructed m Ameiica. 

Containing' shttohes of the Life and Woife of Majof Antlrew Ellicott, 
James Geddea (with Porhaif', Benjaiiiin Wright (with Portrait), Obuvbbm 
White [with Portrait), David Stanhope Bates, Natlian S, Eoberts, Gridley 
Bryant (with Portrait), General Joseph Q. Swift, Jesfie L. Williama (with 
Portrait;, Colonel WiUiam MoEee, Samuel H. Kneass, Captsiii John CMlde 
with Portrait^ Frederick Harbaoh, Major David Bates Dooglaa (with Por- 
trait), Jonathan Koighi, Benjamin H. Latrobe (with Portrait), Colonel Char- 
les EUet, Jr. (irith Portrait), Samuol Fonor, William Stuart Watson, John 
A. Koeblin^. 



Alexander's Dictionary of "Weights 
and Measures. 

8to. Cioth. |3,no. 

UNIVERSAL DICTIONAIiY OF "WEIGHTS AND MEAS- 
URES, Ancient ajid Modern, reduced to the standards of tiio 
United States of America. By J. H. Alkxandeh. New edition. 
Ivol. 
" As a standard work of reference, this honk sliould bo in every librarj- ; it 

is one which we have long wanted, and it will save much trouble and t«- 

seacch." — Scientific American. 



GfougG on "Ventilation. 

Third Edition Fm,larffed. 

8vo. Cloth. $2.00. 

NEW SYSTEM OF VENTILATION, which has been thoroughly 

tested under the patronise of many distinguished persons. By 

Hesht a. Gouoe, with many illustrationa. OoO''lc 
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Saeltzer's Acoustics. 

ISiBo. Cloth. 13.00. 

TREATISE ON AC0ITRTI08 in Oonnoction with Yentilation. 
Witli a new tbeory based on an important discovery, of facilitat- 
ing cloav and intelligiblo Eound in any Ijuilding. By ALBXiSDER 



" A practical and very sound ti'eatise on a Hubjeot of great importance ttt 
.^^Ghitocts, and one to which tlioro liaa hitherto been entirly too littlB attention 
paid. Tho author's theory is, that, by bestowing proper care upon the point 
of Acoustics, the rsquisite Tontilation will be obtained, and iiiee versa. — 
Brooklyn, Vnion. 



Myer's Manual of Signals. 

jVfij* 3Sdifion. Eiilarge<l. 

12mo. 48 Platea fuU Eoan. $5.00. 

MANUAL OF SIGNALS, for the Use of Signal Officers in the 
Eield, and for Military and Naval Studeiita, Military Schools, 
etc. A new edition, enlarged and illustrated. By Erig.-Qen. 
Albert J. Myeu, Chief Signal Officer of the Ai-my, Colonel of 
the Signal Corps during the War of the Eebellioa. 



Larrabee's Secret Letter and 
Telegraph Code. 

ISnio. Cloth. $1.00. 

CIPHEE AND 8ECEET LETTER AND TELEGRAPHIC 
CODE, with Hogg'a Improvenients. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. L.1.IIK4BBB, .the original inventor of tho scheme. 
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Hunt's Designs for Central Park 
G-ateways. 

4to. Cloth. $5.00. 
DESIGNS POR THE GATEWAYS OF THE SOtJTHEEX 
ENTKANCES TO THE OENTEAL PAKK. By BrcnAEo M. 
liuKT, With a description of tlie designs. 



Pickert and Metcalf ^s Art of G-raining. 

Ivol. 4to. Cloth. $10.00. 

THE ART OF GEAINING. Ho-wAcqiiired. and How Produced, 
witli description of colors and their application. By Gn.vKLiia 
PicKziixand ABKAJI4M Metcalf. Beautifully illustrated with 42 
tiafed platea of the various woods used in interior finishing. 
Tinted paper. 

Tho authors present here the result o£ locg' experience in tho practice iif 
this deoorative nrt, and feel confident that they hereby offer to their tirother 
arUsana a reliable guide to improvement in tho practiue of graining. 



Portrait G-allery of the War. 

60 fine Portraits on Steel. Rojal 8vo. Cloth. $6.00. 

POETEAIT GALLERY OF THE WAP, CIVIL, MILITARY 
AND KAVAL. A Biographical Record. Edited by Feakk 



One Law in Nature. 

13mo. Cloth. $1.50. 

ONE LAW IN NATUEE. By Capt. H. M. L.vzelle, U. S. A. 
A New Cor])usculttr Tiieory, comprehandiny Unity of Force, 
Identity of Mnttcr, and its MiiUiple Atom Constitution, ajipliod 
to the Physical Affections or Muded of Energy. 
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. Ernst's Manual of Military En- 
gineering. 

193 Wood Cuts and S Lithographed Plniea. ISmo. ClotL. $5.00. 
A MANUAL OF PRACTICAL MILITARY ENGINEEE- 
ING. Prepared for the use of the Cadets of the TJ. 8. Military 
Academy, and for Engineer Troops. By Ciipt.0- H. Eknst, 
Corps of Engineers, Insbrnetor in Practicul Militaiy Engi- 
neering, U. S. Militaiy Academy, 



Chnrcli's Metallurgical Journey. 

24 Illustratioiis. 8™. Cioth. $2.00, 
K"OTES OF A METALLURGICAL JOURNEY IS' 
EUROPE. By John A. Churcr, Engineer of Mines. 



Blake's Precious Metals. 

8vo. Clotli. $3.00. 
REPORT UPON THE PRECIOUS METALS: Being Statisti- 
cal Notices of the principal Gold and Silver prodncing regions 
of the World. Represented at the Paris Universal E.tposi- 
tion. By "Williaji P. Blake, Commissioner from tlie State 
of California, 



Olevenger's Surveying. 

IlluBtratcd Pochet Form. Morocco Gilt. $3J)0. 
A TREATISE ON THE METHOD OE GOVEENMENT 
SURVEYING, as prescribed by the United States Congress, 
and Commissioner of the General Land Office. With com- 
plete Math em lit leal, Astronomical and Practical InetrnctionB. 
for the nso of the United States Sni"veyors in the Field, and 
Students who contemplate engaging io the hiisiness of Pabho 
Land Surveying. By S. R, Clevenger, U. S. Deputy Sur- 
veyor. 

" Tlie reputittioii of tlio aatlior as a, surveyor guatantena an oxliaivstiva 
treatise on this siiiiject."— Dakota Rei/islei: 

•• Purveyors luivu long needed a ti'st.book of tliis cJescri[)tioh.~rA<T Pr€m. 
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Bow on Braoing. 

150 llluatralionfl on Stone, 8vo. Cloth. $1.50. 

A TREATISE OJsT BliACfflG, with ita application to Bridges 
and otlicr StrucLi.u-es of Wood or Iron, By liOEEiiT 1-1eni;y 
Bow, C, E, 



Hov/ard's Earthwork Mensuration. 

8™. Illustrated. Cloth. §1.50, 

EAIiTHWORK MESJSUEATION ON THE BASTS OF 
THE 'PRI8M0IDAL FOEMULuE. Containing simple and 
labor-saving method of obtaining Pnsmoidal Contents direct- 
ly from End Areas, Illnstrated by Esaraplea, and aocom- 
jianit'd by Plain llules for practical nses. By Cosw.vi R, 
HoWABn, Civil Engineer, Jviclimoiul, Va, 



MoAlpine's Modern Engineering. 

Second Edilion. 8vo, C'lotli. §1.50. 

TiIODEIlN" ENGINEERING. A Lectnru delivered at tbo Amer- 
ican Iiistitiitu ill New York, By William J, MoAlpine, 

Mowbray's Tri-Nitro-GlycoriiiG. 

8vo. Cloth. niustratBd. $'J,00. 

TRI-NITEO-GLYCERINE, m applied in tlic Iloosac Tunnel, 
and to Submarine Blasting, Torpedoes, Qnarrying, etc. Being 
tlie I'eanlt of six years' observation and. ]iractiee dnring the 
manufaotm-e. of five linndred thousand potmde a£,thi8 axplo- 



ive, Mica Blasting Powder, Dynamites; \ 
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the rarions Systems of Blasting by Electricity, Priming Com- 
pounds, Explosives, etc., etc. By George M. Mowbkay, 
Operative Chemist, ivitJi tiiirleen ill ust ratio us, lablos, :md, 
Tliird Edition. Ito-wi'itteii. 



Wanklyn's Milk Analysis. 



MILK ANALYSIS. A Practical Treatise on the Examination 
of Miik, and its Derivatives, Cream, Batter and Clieese. Jiy 
J. Alfred ■Wanklyit, M. R. G. S. 



Toner's Dictionary of Klevations, 

8vo. Paper, 53.00. Cloth, $3.75. 

DICTIONABY OF ELEVATrONS AND CLIMATIC REG- 
ISTER. OP THE UNITED STATES. Containing, in addi- 
tion to Elevations, t!ie Latitude, Mean Annual Temperntiire, 
and the total Anmial Rjtiu Fall of many localities ; ivith a 
brief Iiitrodnction on tiie Orographic and Piiysical Pecnliari- 
tles of North America. By J. M. ToxEit, M. D. 



Adams. Sewers and Drains. 

(/it Pvesi^ 

SEWERS AND DRAINS FOR POPULOUS DISTRICTS. 
Embracing Rules and Formulas for llic dimensions of Sani- 
tary Engineers. By Julius W. Aiiams, Chief Engineer of tiio 
Board of City Works, -Brooklyn. Cooj^^lc 
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Prescott's Proximate Organic 
Analysis. 

13ino. Cloth. $1,70. 
OUTLINES OF PROXIMATE ORGANIC ANALYSIS 
for the Identification, Separatiou, and Quantitative Deter- 
mination of the more commonly occiuring Organic Com- 
pounds. By Albert B. Prescott, Professor of Organic 
and Applied Chemistry in the University of Michigan. 

Prescott's Alcoholic Liquors. 

ISmo. Cloth. $1.(50. 
CHEMICAL EXAMINATION OF ALCOHOLIC LI- 
QIIOES. A Miinnal of tlio Constituents of the Distilled 
Spirits and Fennented Liquors of Commerce, and their 
Qualitittive and Quantitative Determinations. By Aliibrx 
B. Prescott, Professor of Organic and Applied Chemistry 
in the University of Michigan. 



Greene's Bridge Trusses. 

Svo. Illustrated. Cloth. $3.00. 
GRAPHICAL METHOD FOR THE ANALYSIS OP 
BRIDGE TRUSSES, extended to Continuous Girders 
and Draw Spans. By Charles B. Greene, A.M., Pro- 
fessor of Civil Engiueerijig, University of Michigan. Illus- 
trated by three folding plates. 



Butler's Projectiles and Rifled 
Cannon. 

4to. 32 Plates. Cloth. In press. 
PROJECTILES AND RIFLED CANNON. A Critical 
Discussion of the Principal Systems of Rifling and Projec- 
tiles, with Practical Suggestions for their Improvement, as 
embraced in a Report to the Chief of Ordnance, U.S.A. By 
Ciiiit. JoHK S. Butler, Ordnance Con>s, U.S.A/-. r 
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Van Nostrand's Science Series. 



It is the Intention of tlie PublisLer of this Series to issue tliaw at inter- 
vhIs of nljout a month. 'XLey will be put up in a uniform, neat and attrac- 
tive form, 18mo, fancy boards. TLe subjeclB will be of an emineatly 
Bcieutifio character, and embrace aa wide a riinge of topics ns possible, all 
of the highest character. 

Price, 50 Oents Each. 
1. 

CHIMJTEYS FOE FUEKAOES, FIEE-PLACES, AKD 
STEAM B0ILEE8. By E. Akmstrong, C. B. 

STEAM EOILEE EXPLOSIONS. By Zeuaii Colburn, 

s. 

rRACTICAL DESIGNING OF RETAINING WALLS 

By Akthur Jacob, A. B. With Illnstrntiona. 

^. 

PEOPOETIONS OF PINS USED IN BRIDGES. By 

Charles E. Bender, C. E. With Illuatrittions. 

VENTILATION OF BUU^DINGS. By W. F. Butler. With 
Ilhistrations. 

e. 
ON THE DESIGNING AND CONSTED"CTION OF STOR- 
AGE RESERVOIRS. By Arthcr Jacob. With Ilhistra- 
tions. 

7- 
SURCHARGED AND DIFFERENT FORMS OF RETAIN- 
ING WALLS. Bj James S. Tatr, 0. E. 

8. 

A TREATISE ON THE COMPOUND ENGINE. By JoHtr 

TuRNRULL. With Illustrations. 
0. 
FUEL. By C. "W. Siemens to which is appeudfid tho Viilue of 

Artificial Fuels as compared with Ooa]. By J. Wobmalp, C, E. 

*j* Other works ia preparation. 
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COMPOUND ENGINES, TraiialaKd from tlio Frcnoli o( 
A. Mallet. Illustrated. 



TIIKOEY OF ARCHES. Bj Prof. W. AlLAS, of tlio 
Washington and Lee College. Illnstrated. 



A PEACTICAL THEOEY OF VOUSSOIE AECHES. 
William Cain, C.B. Illustrated. 



A PEACTICAL TREATISE ON THE GASES MET 
WITH IN COAL-MINES. Bj the late J. .1. ATKIifSOK, 
Government Inspector of Mines for the County of Durham, 
EnglanlL 



FRICTION OF AIE IN MINES. By J. J. AlKIiiiiOir, 
Author of "A Practical Treatise on the Gases met with in 
Coal-Mines." 



SKEW ARCHES. By Prof. E. W. Hyde, C.E. Illustrated 
with numerous engravings and three folded plates- r 
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